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ABSTRACT 
This study summarizes available data related to the management of 
groundwater and surface water resources in a large, mostly agricultural 
watershed in central Illinois. Current water use and potential availa-
bility of future water supplies are estimated and compared. Major water 
supply areas are identified based on current water use and potential 
availability. The locations of several types of potential groundwater 
pollution sources and pathways are delineated or inferred. Most potential 
sources are located in or near major urban/industrial areas which, in many 
cases, coincide with areas of greatest current water use. However, the 
available groundwater quality data are not adequate for assessing the 
effects, if any, of these potential pollution sources on regional water 
quality. 
The potential effect of groundwater discharge on streams in the basin 
is demonstrated using graphical base flow separation and mass balance 
techniques applied to historical stream discharge and monthly sampling 
data. The importance of groundwater for direct uses and as base flow 
discharge to streams in the Sangamon River basin justifies the need to 
develop a program of groundwater quality protection and monitoring. By 
delineating the aquifers and areas subject to the greatest pollution 
threat, identifying and locating a number of potential sources of ground-
water pollution, and by illustrating the importance of groundwater-surface 
water relationships in the basin, this report provides the basis for the 
development of a basin-wide groundwater management strategy. Recommended 
priorities for the development and implementation of such groundwater 
monitoring networks are: (1) aquifers and watersheds where a significant 
number of potential pollution sources are located in or near current major 
water supply areas; (2) aquifers and watersheds where a large number of 
potential pollution sources are located in or near water supply areas with 
the greatest potential yields; (3) areas (other than the above) where there 
are a large number of potential pollution sources and pathways. 
Certain interim groundwater pollution control measures are suggested. 
These relate to the storage, handling, and application of road deicing , 
salt; borehole construction and abandonment; closure of abandoned potential 
pollution sources; and responses to sudden contaminant releases or spills 
(environmental emergencies). 
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SECTION 1 
INTRODUCTION 
Effective management of water resources requires an understanding of 
the relationships among the various components of the hydrologic cycle. 
This is especially true in the management of groundwater and surface water 
resources, because water continually flows between surface and subsurface 
environments. In fact, in humid regions, groundwater may be the most 
important nonpoint source of input to streams. 
It has long been recognized that during prolonged periods of little or 
no precipitation (or snowmelt), streamflow is made up entirely of ground-
water discharged through the streambed (plus point-source discharges such 
as sewage effluents). Similarly, it was generally thought that most 
streamflow following a precipitation (or snowmelt) event was contributed by 
direct surface runoff. However, recent studies using natural isotopic 
tracers (oxygen-18) have revealed that groundwater discharge can actually 
account for more than 50 percent of peak storm discharge (Ref. 12). A 
similar study found that groundwater inflow contributed an average 66 
percent of total stream discharge during storm runoff events (Ref. 13). 
The water balance method was used to estimate that groundwater discharge 
provided as much as 86 percent of annual stream discharge in a Pennsylvania 
watershed (Ref. 10). Groundwater drainage accounted for 72 percent of the 
total streamflow of a small (20 sq mi) Maryland watershed over a two-year 
period, and in Pennsylvania about two-thirds of total annual flow was 
baseflow in a larger (287 sq mi) drainage basin (Ref. 63). 
As the largest nonpoint source of discharge to streams, groundwater 
has a direct impact on stream water quality in humid regions. The authors 
of a USEPA-sponsored report wrote, "The problem of groundwater polluting 
surface water has received little attention. Invariably, flowing ground-
water discharges into a surface water body unless it is intercepted by 
pumping wells. A large fraction of all streamflow is derived from drainage 
of groundwater. Thus, long-term degradation of surface waters can be 
anticpated in areas where groundwater pollution continues to exist." 
(Ref. 69, p. 3-31 ). 
As an example, a recent study of the heavily industrialized Niagara 
Falls area of New York found that contaminated groundwater was the largest 
nonpoint source of organic "priority" pollutants discharged into area 
streams (Ref. 14). In addition, this study determined that roughly half of 
the organic chemicals contributed to surface waters by point sources origi-
nated from contaminated groundwater infiltrating sewers or discharged from 
industrial water supply wells. 
Groundwater that has been contaminated locally or regionally by human 
activities may migrate undetected for years before being gradually dis-
charged to surface waters. Although prevention of groundwater contamina-
tion is the best control measure, surveillance monitoring is necessary to 
detect groundwater quality degradation occurring as a result of the thou-
sands of potential sources which are already in existence. Unfortunately, 
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Lake Decatur (Macon County) - Studies have shown that groundwater discharge 
is often the most important nonpoint source of-input to humid region 
streams. Thus, water resource management plans must involve groundwater 
pollution control measures to be effective. 
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in the Sangamon River Basin, as elsewhere in Illinois, control measures 
generally consist of reacting to those groundwater contamination incidents 
that are manifested in noticeable damage to water supplies. Since the 
movement of groundwater is usually very slow, years or decades may be 
required for a polluted aquifer to be flushed of contaminants by natural 
processes. Meanwhile, stream water quality can be seriously degraded. 
Groundwater quality is also an important consideration from the 
standpoint of water supply development. Any study of water resource 
availability or development for water supply must consider the chemical 
suitability of the water for the intended use, as well as the quantities 
that can be economically supplied. Estimates of the likelihood of future 
changes in water quality, and the potential magnitude of such changes, 
should be included in the development of long-term water resource manage-
ment plans. 
Purpose and Scope 
The purpose of this report is to summarize and interpret currently 
available information related to groundwater occurrence, movement, avail-
ability, use, and quality, and to investigate the potential effect of 
groundwater on streams in the Sangamon River Basin. It aims to provide 
basic technical information needed for the development of a regional 
strategy for the comprehensive, long-term management of the basin's water 
resources, to identify present or potential problem areas with respect to 
water use and/or water quality, and to suggest groundwater management 
concepts applicable at the state level based on the results of this 
regional study. 
To satisfy these objectives, regional maps at a scale of 1:500,000 
are gathered from previous publications or prepared from available infor-
mation to characterize the hydrogeology, water availability, water use, 
shallow aquifer susceptibility, and several categories of potential ground-
water pollution sources in the basin. A transparent base map overlay 
showing major descriptive features is provided in a pocket attached to the 
inside of the back cover of each report. All maps have been reduced to a 
scale of 1:1,000,000 for inclusion in this report; however, the Illinois 
Environmental Protection Agency has been provided a set of maps on mylar at 
the larger scale. Users of these regional-scale maps are cautioned against 
their use for site-specific evaluations except as an indication of general" 
regional factors or to delineate smaller areas where more detailed study 
may be warranted. 
In addition, a graphical base flow separation technique and simplified 
mass-balance principles are applied to historic streamflow and water 
quality data to estimate the relative contributions of base flow and direct 
surface runoff to total stream discharge and quality in two sub-basins. 
3 
Basin Description 
The Sangamon River drains about 5448 square miles in central Illinois 
(see Figure 1). The river itself is about 250 miles long, and its water-
shed represents about 10 percent of the land area of the state. The basin 
is triangular in shape with a major east-west axis of about 120 miles and a 
minor north-south axis of about 90 miles. Drainage is generally from east 
to west. [See Note below.] Land surface elevations in the basin range 
from about 430 feet above mean sea level at the confluence of the Sangamon 
and Illinois rivers at Browning to almost 930 feet at the crest of the 
Bloomington Moraine in McLean County. Major tributaries to the Sangamon 
River are Salt Creek (1803 sq mi) and the South Fork (1180 sq mi). 
Precipitation ranges from an annual average of about 35 inches at the 
western edge of the basin to 38 inches in the east. Air temperatures range 
from mean January temperatures of 28-32°F to mean July temperatures of 
76-78°F. Mean annual stream discharge is between 8 and 10 inches, 
increasing from northwest to southeast (Ref. 35). 
The estimated 1980 population of the Sangamon River Basin was 554,000 
(Ref. 11), an increase of only 43 percent from 1930 estimates (Ref. 1). 
Over half of the population in the basin is located in the Springfield 
(122,806), Decatur (107,864), and Bloomington-Normal (82,397) metropolitan 
areas. Other significantly large municipalities are Lincoln (16,327), 
Taylorville (11,386), and Clinton (8,014). The land area of the basin 
encompasses 17 counties: three counties (DeWitt, Logan, and Menard) are 
situated entirely within the basin and three others (Christian, Macon, and 
Sangamon) have at least 95 percent of their land area within the basin 
boundary (Ref. 1). 
Land use in the Sangamon Basin is overwhelmingly agricultural with row 
crops and pasture occupying about 90 percent of the land area. Urban and 
industrial areas account for only about 5 percent of land use, with the 
remaining 5 percent being forested or unclassified land, or surface water 
(Ref. 2). Coal and oil are important mineral resources in the Sangamon 
Basin. Sands and gravels are also mined. Large areas in Sangamon and 
Christian counties have been mined for coal using subsurface techniques. 
There are numerous small coal mines in Menard and Logan counties (Ref. 
103). Coal reserves exceeding 4 tons per square mile still exist under 
much of the area of the basin (Ref. 105). Oil is produced in the south-
eastern half of the basin (Ref. 102), with a total production of 600,000 
barrels in 1979 (Ref. 101). 
Note: It is important to note that a stream basin boundary does not 
necessarily represent a boundary to groundwater flow. Though groundwater 
moving through the shallow unconsolidated deposits may not cross the basin 
boundary, groundwater in the deeper drift and bedrock formations probably 
moves freely across the river basin boundary. Therefore, users of this 
report are urged to also consider activities which may affect groundwater 
systems in adjacent river basins. 
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Figure 1. 
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SECTION 2 
GENERAL GROUNDWATER OCCURRENCE AND MOVEMENT 
An illustration of the hydrologic cycle is shown in Figure 2. Atmos-
pheric water that falls in the basin as precipitation can flow across the 
land surface directly into streams and lakes, return to the atmosphere as 
evaporation from plants and wetted surfaces, or infiltrate into the soil. 
Precipitation that percolates through the pore spaces and crevices (or 
solution channels in bedrock) moves slowly downward under the influence of 
gravity, dissolving minerals and trace elements from the solid materials 
that it contacts. The infiltration rate is mainly a function of the 
intensity of the precipitation, the hydraulic conductivity (often referred 
to as permeability) of the surficial deposits, the slope of the land 
surface, and the amount of water held in the soil prior to and during the 
storm event. Water in the unsaturated zone may be taken up by plant roots, 
thereby returning to the atmosphere as evapotranspiration. 
Moisture is retained by the unsaturated soil until it reaches its 
"field capacity," after which the water can continue its downward travel to 
a depth where all of the spaces between the soil particles are filled with 
water. Water reaching this zone of saturation is known as groundwater 
recharge. Under undisturbed conditions, the surface of the saturated zone 
is basically a subdued version of the land surface topography, and shallow 
groundwater will generally move from topographic highs to topographic lows. 
The elevation of the surface of the saturated zone (i.e., water table) in 
Illinois typically fluctuates 5 to 10 feet annually in response to seasonal 
variations in recharge. 
Once in the zone of saturation, groundwater moves laterally and/or 
vertically in response to the hydraulic gradient, that is, from points of 
higher pressure to points of lower pressure. The natural quality of 
groundwater in the basin is determined by geologic, hydrologic, and chemi-
cal processes. The slower the rate of groundwater movement through the 
pore spaces or crevices of geologic formations, the longer the contact time 
between the geologic material and the groundwater and the more highly 
mineralized the groundwater can become. More rapid flow rates allow less 
time for chemical reactions to occur, resulting in comparatively less 
mineralization. The rate of groundwater movement is dependent upon the 
hydraulic conductivity of the geologic material, the hydraulic gradient, 
and the effective porosity of the materials through which the water flows. 
Groundwater flow rates can range from a few inches per year in clayey tills 
and shale to several feet per day in coarse sands and gravels or in 
creviced limestone and dolomite. 
Under normal conditions, the uppermost glacial drift deposits are 
regularly recharged (refilled) by precipitation occurring in the immediate 
vicinity. The groundwater typically moves downward under the influence of 
gravity from shallow deposits to recharge the deeper formations. However, 
layers of very dense (almost impermeable) materials separating water-
bearing units may impede the downward movement of water to underlying drift 
or bedrock formations. These layers, or confining beds, are usually clays 
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Figure 2. Cycle of water movement 
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or shales so compact that they cannot yield enough water to be classified 
as an aquifer. When such confining beds are present, most water reaching 
deeper aquifers may come from a somewhat distant recharge area where the 
confining beds are missing or where the aquifer crops out at the land 
surface. 
Water entering permeable formations in an outcrop or recharge area may 
later become confined downslope beneath relatively impermeable beds. 
Pressure is exerted on the groundwater in the confined portion of the 
aquifer by the weight of water at higher levels in the recharge area. When 
a well penetrates such an aquifer downgradient from the recharge area, the 
pressure forces the water to rise in the well to a level above the top of 
the aquifer. The groundwater in this instance is confined (or artesian) 
water; the well is called an artesian well; and the elevation of the water 
surface in the well is known as the piezometric surface of the aquifer. 
Major points of groundwater discharge include streams, springs, lakes, 
wetlands, pumping wells, and drainage tiles. Groundwater discharged to 
smaller streams in the Sangamon Basin is usually derived from shallow water 
table deposits and originates from precipitation falling in the immediate 
area (Ref. 33). Groundwater discharge to larger rivers can be derived from 
recharge which has travelled thousands of feet through deeper formations 
eventually moving upward into regional discharge zones. Because of the 
longer flow path (and thus, residence time) groundwater generally becomes 
more highly mineralized as it moves from its point of recharge to its point 
of discharge. 
It is possible to reverse the natural flow of groundwater such that 
water moves from a body of surface water (i.e., streams, pits, ponds, 
lakes) into the groundwater flow system. This occurs locally when the 
water level in the pumped well is below the elevation of the water surface 
in the nearby stream or lake. This situation, known as induced infiltra-
tion, is sometimes used to increase the potential yield of a well beyond 
that which would be possible without the additional recharge. The amount 
of recharge which can be induced depends on the degree of hydraulic 
connection between the streambed and the aquifer, the difference in the 
elevations of the water surfaces, the distance from the surface water body 
to the well, and the temperature of the surface water. If the stream is 
polluted, usually only a small portion of the aquifer may be locally 
degraded. Where many wells have drawn the water level in the aquifer down 
below the water levels in streams, a great deal of induced infiltration may 
occur and water quality effects may be proportionately greater. 
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SECTION 3 
WATER RESOURCE AVAILABILITY AND DEVELOPMENT 
Geohydrology 
Bedrock. Bedrock beneath the Sangamon River Basin consists of 
Cambrian, Ordovician, Silurian, Devonian, Mississippian, and Pennsylvanian 
sedimentary rocks (i.e., sandstone, shale, dolomite, and limestone) 
deposited sequentially on top of Precambrian igneous and metamorphic base-
ment rock. Tilting and folding of the bedrock followed by preglacial 
erosion of the bedrock surface resulted in the present bedrock surface 
topography shown in Figure 3 (Ref. 55) and bedrock geology shown in 
Figure 4 (Ref. 56). Because of low yields and rapidly increasing mineral-
ization with depth, only groundwater within the upper few hundred feet of 
the bedrock surface is suitable for development of small water supplies. 
Figure 5 shows the typical sequence of geologic units (excluding the deep 
bedrock formations) and their water-yielding characteristics. 
Cambrian and Ordovician rocks, which occur near the bedrock surface in 
the northern part of Illinois, dip sharply southward toward a structural 
feature known as the Illinois Basin, which is centered in southeastern 
Illinois (Ref. 46). As a result, they are found deep beneath the bedrock 
surface within the Sangamon River Basin and contain saline groundwater much 
too highly mineralized to be considered usable. These formations are not 
considered aquifers in the Sangamon River Basin. 
The Silurian and Devonian bedrock are the oldest rocks found at the 
bedrock surface within the Sangamon River Basin. They subcrop (i.e., occur 
at the bedrock surface, covered by glacial drift deposits) near the north-
eastern corner of the basin in western Ford and Champaign counties (see 
Figure 4). In this small area of the basin, groundwater may be obtained 
from crevices and fractures in the uppermost layers of limestone and 
dolomite. Thick deposits of glacial drift in this part of the basin are 
preferred as sources of groundwater. Thus, in these areas, the Silurian 
and Devonian bedrock units are virtually unexplored from a water supply 
standpoint. In the rest of the basin these rocks are covered by younger 
bedrock formations, and they are too low-yielding and highly mineralized to 
be considered as potential sources of groundwater supply. 
Mississippian limestone, sandstone, and shale up to about 1000 feet 
thick overlie the Devonian limestone, forming a small subcrop area in the 
northeastern corner (western Ford and Champaign counties) and on the 
basin's extreme western edge near the Illinois River Valley. Where the 
Mississippian formations occur at shallow depths, they are considered 
potential sources of usable groundwater, especially where drift aquifers 
are absent or limited. Where drift aquifers are present, they are pre-
ferred for development of groundwater supplies over the Mississippian 
formations. Therefore, data on bedrock well yields and bedrock aquifer 
properties are very sparse or nonexistent. 
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Figure 3 . 
Figure 4. 
Figure 5. Typical sequence of geologic units in the Sangamon River Basin 
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The remaining 95 percent of the bedrock surface in the Sangamon River 
Basin is composed of Pennsylvanian shale with interbedded limestone, sand-
stone, and coal. These typically low-yielding formations are up to 1700 
feet thick in the basin. Groundwater in the Pennsylvanian bedrock becomes 
highly mineralized with increasing depth; therefore, most groundwater 
supplies in the basin are developed from sand and gravel aquifers. Locally, 
however, shallow sandstone and creviced limestone may yield enough ground-
water for small supplies in areas where drift aquifers are inadequate. 
Potential well yields for Pennsylvanian aquifers generally range from 3 to 
15 gpm, and the chances of obtaining more than 10 or 20 gpm are poor (see 
Figure 6). Porosities and permeability values are usually low, with 
specific capacities in the range of 0.1 to 1.0 gpm/ft (Ref. 27). The 
direction, of groundwater movement in the bedrock aquifers is thought to be 
down-dip (south-southeast) toward the Illinois Basin (Ref. 42). In some 
areas, groundwater may be migrating upward from the Pennsylvanian into the 
deep drift deposits (Ref. 29). 
Unconsolidated Deposits. Three glacial advances are represented by 
unconsolidated deposits in the basin. Chronologically, they are the 
Kansan, the Illinoian, and the Wisconsinan. The Wisconsinan glaciation 
covered only the northeastern half of the basin, but outwash sand and 
gravel deposits from glacial meltwaters and windblown sand are present in 
portions of the basin not covered by the Wisconsinan ice sheet. Figure 7 
shows the surficial distribution and nature of the Quaternary deposits 
(Ref. 60) in the Sangamon River Basin. 
The bedrock surface was deeply eroded prior to the deposition of the 
Pleistocene glacial materials. As shown in Figure 3, a system of deep 
valleys has been carved in the bedrock. These ancient river valleys were 
completely filled and subsequently buried by glacial action. The largest 
of the buried bedrock valleys in the Sangamon River Basin is known as the 
Mahomet Bedrock Valley system. 
The Mahomet Bedrock Valley, also known as the buried Teays River 
Valley in states to the east of Illinois, is the remnant of a large pregla-
cial drainage system which stretched from the Appalachians to the ancient 
Mississippi River Valley (Ref. 33). It enters the northeastern corner of 
the Sangamon River Basin in northwestern Champaign County. The channel 
trends southwest along the northeastern edge of the basin, across central. 
Piatt County, where it turns to the northwest, and through southern and 
western DeWitt County. At the junction of McLean, Logan, and Tazewell 
counties, it turns westward and joins the buried Mackinaw Bedrock Valley 
and the Havana Lowland in the northwest corner of the Sangamon River 
Basin. 
A smaller bedrock valley, the Middletown Bedrock Valley, enters the 
study basin near Decatur in southeastern Macon County and runs northwest 
through parts of Logan, Menard, and Macon counties to its confluence with 
the ancient Mississippi Valley in the Havana Lowland (see Figure 3). The 
buried Middletown Valley is not thought to contain major deposits of sand 
and gravel, though currently available evidence is inconclusive (Ref. 33). 
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Figure 6. 
Figure 7. 
In general, present-day stream valleys do not coincide with the locations 
of the buried bedrock valleys. 
The glacial drift is over 400 feet thick in the deepest parts of the 
Mahomet bedrock channel and becomes thin or nonexistent in the southwest 
corner of the basin, as shown in Figure 8. Kansan glacial deposits 
consisting of fairly continuous beds of sand and gravel up to 200 feet 
thick are found at the base of the drift in the deepest parts of the 
Mahomet Bedrock Valley and the Havana Lowland. These deposits are covered 
by silty and sandy glacial till and outwash deposits from the Illinoian and 
Wisconsinan glaciations, interbedded with sand and gravel to form upper-, 
middle-, and lower-level aquifer units. 
Typical yields of wells in sand and gravel aquifers in the Sangamon 
River Basin are shown in Figure 9. The largest and most prolific sand and 
gravel aquifers in the basin are found in the Havana Lowland and Mahomet 
Bedrock Valley located in the northwestern and north-central regions, 
respectively. Some wells tapping the extensive sand and gravel aquifers in 
the Havana Lowland are capable of pumping over 2500 gpm. The hydraulic 
conductivity of this aquifer is greater than 5000 gallons per day per 
square ft (gpd/ft2) in the Sangamon River Basin and even higher in that 
part of the aquifer which lies to the north of the Sangamon River Basin 
boundary. The Mahomet buried valley aquifers are Wisconsinan, Illinoian, 
and Kansan sand and gravel deposits found at shallow (less than 100 feet 
deep), intermediate (100-200 feet deep), and deep (200-400 feet deep) 
levels, respectively. In some areas two or more horizons are hydraulically 
connected and act as a single unit (Ref. 34). Pumping rates of 3-75 gpm, 
50-150 gpm, and 200-2500 gpm are typical for wells tapping the upper, 
intermediate, and lower units, respectively. Hydraulic conductivities of 
about 250-4100 gpd/ft2 are associated with these aquifer systems 
(Ref. 33). 
The direction of groundwater movement is ideally determined from the 
collection and interpretation of regional water level data. However, 
detailed water level data for the various regional aquifers in the basin do 
not exist. Local groundwater studies (Refs. 29, 30, 33, 34) have deter-
mined the direction of groundwater movement at various times for many small 
areas in the basin. In addition, the State Water Survey currently operates 
a network of 13 groundwater-level observation wells in the basin. 
Figure 10 shows their locations and Table 1 summarizes the types and 
periods of record for the water-level data. Three observation wells are 
shallow drift (water table) wells, and the remaining ten are finished in 
intermediate or deep drift aquifers. 
Based on the limited available water-level data from local groundwater 
studies, groundwater movement in the shallow drift deposits follows the 
land surface topography, with lateral movement toward local discharge zones 
(small streams and wells) and some movement downward into the deeper 
unconsolidated aquifers (Ref. 33). Studies have shown that groundwater in 
the deeper drift deposits, such as those in the buried valleys, generally 
follows the bedrock surface (Ref. 34). The probable result is that 
groundwater in the Mahomet Valley generally moves "downstream" through the 
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Figure 10. 
Table 1. Active SWS Water Level Observation Wells in the Sangamon Basin 
Christian 13N1W-18.8a RAS SG MO 
Christian 13N2W-27.2g3 RAS SG MO 
Christian 14N1W-25.5el RAS SG MO 
Logan 19N4W-22.4c SN water table CONT 
McLean 23N1E-6.8h1 SPEC SG MO 
McLean 23N1E-10.1h SPEC SG MO 
Macon 14N1E-10.8d RAS SG MO 
Mason 19N10W-11.8b SN water table CONT 
Menard 18N7W-31.8al SPEC SG MO 
Piatt 17N4E-12.7h1 SPEC SG MO 
Piatt 17N4E-12.7h2 SPEC SG MO 
Piatt 18N4E-24.8al SPEC SG MO 
Piatt 20N6E-31.6h SN water table CONT 
RAS - regional aquifer study 
SN - state network 
SPEC - special study 
SG - sand and gravel (not water table) 
MO - monthly measurement 
CONT - continuous measurement 
01041 
01042 
01040 
00081 
01048 
01049 
01050 
00091 
01053 
01062 
01063 
01064 
00111 
1/62 - present 
1/62 - present 
4/79 - present 
11/57 - present 
2/71 - present 
2/71 - present 
6/79 - present 
3/58 - present 
8/60 - present 
4/79 - present 
5/79 - present 
1/78 - present 
6/54 - present 
basal sand and gravel deposits in much the same direction as the original 
streamflow, but at a much slower rate (Refs. 30, 34). 
It is important to note that groundwater flow under natural conditions 
can be significantly disturbed by groundwater withdrawals. Such is the 
case in the Mahomet buried valley aquifer near Champaign-Urbana (Champaign 
County). Pumpage for public water supply has resulted in the formation of 
a cone of depression in the aquifer's piezometric surface and a local 
"groundwater divide" in this aquifer near the eastern boundary of the 
drainage basin in Champaign County (Ref. 33). Thus, some groundwater which 
would otherwise flow into the basin from the east is intercepted by this 
well field. Groundwater pumpage from deep drift deposits can increase the 
rate of recharge to these aquifers from overlying deposits by increasing 
the hydraulic gradient in the vicinity of the well. 
Potential Availability 
Estimated potential yields for sand and gravel aquifers are shown in 
Figure 11. The estimated potential-yield map was originally developed on 
a statewide basis by the State Water Survey for inclusion in the State 
Water Plan of 1967 (Ref. 36). The potential-aquifer-yield values are based 
on estimated rates of recharge to the various geologic materials comprising 
the aquifers, and on the accumulated experience of Water Survey hydrolo-
gists familiar with geohydrologic conditions in the state. These values 
represent rough estimates of the amount of groundwater that potentially 
could be obtained with a reasonable number of optimally spaced wells 
without exceeding recharge or dewatering the aquifer. As shown by the 
broad range of values represented by each category in Figure 11, local 
conditions can vary considerably from regional values due to the hetero-
geneous nature of the unconsolidated deposits in the basin. Therefore, the 
potential-yield maps are not necessarily indicative of local conditions, 
but are adequate for general descriptive and regional planning purposes. 
Although several local area studies have been done, information on the 
potential yields of individual regional aquifers, such as the basal Mahomet 
Sand, are limited to rough estimates. 
Based on available data, it appears that the total amount of ground-
water available from unconsolidated aquifers in the basin is between 300 
and 500 mgd. Regions with the greatest potential yields are located in the 
Havana Lowland of Macon and Cass counties, where potential aquifer yields 
range from about 200,000 gallons per day per square mile (gpd/sq mi) to 
400,000 gpd/sq mi. The next most prolific aquifer is the Mahomet Bedrock 
Valley system, which may yield from 150,000 gpd/sq mi to 200,000 gpd/sq mi 
regionally (see Figure 11). Smaller areas of similar yield potential are 
associated with alluvial deposits in present-day stream valleys and glacial 
ice-contact or crevasse deposits (e.g., near Taylorville). Sand and gravel 
aquifers over a fairly extensive area in Macon County and vicinity are 
estimated to have a potential for moderate yields of 100,000-150,000 
gpd/sq mi. 
Less productive drift aquifers capable of yielding less than 50,000 
gpd/sq mi from thin deposits in the glacial till cover about half of the 
22 
Figure 11. 
Sangamon River Basin. These relatively groundwater-poor areas are most 
common in the southwest part of the basin and north of the Mahomet Bedrock 
Valley system in the north-central area. Small areas in the south half of 
the river basin, especially in Sangamon County, favor development of 
surface water resources for moderate-to-large supplies due to the virtual 
absence of significant sand and gravel deposits in the thin drift. Small 
domestic supplies could probably be obtained from glacial drift deposits 
almost anywhere in the basin utilizing shallow, large-diameter augered 
wells tapping thin lenses of silt or silty sand and gravel commonly present 
in the glacial till. 
Data on the potential yields of bedrock aquifers are lacking in the 
northeastern half of the basin, because in this area conditions favor 
development of drift aquifers for most groundwater supplies. Considering 
only the southwest portion of the basin for which limited data are 
available (see Figure 6), bedrock aquifers may be capable of providing a 
total of about 30 mgd. Further study of the bedrock formations in areas 
where they presently are generally not developed for water supply could 
result in a more accurate, and probably higher, estimate. 
Potential availability of additional surface water supplies for 
counties in the Sangamon River Basin is discussed in two previous ISWS 
reports (Refs. 8A, 8B). These studies identified 79 potential reservoir 
sites located within the basin having a combined net yield of approximately 
180 mgd when full, based on a 25-year drought recurrence interval. 
Sangamon County has 17 potential reservoir sites located in the Sangamon 
River Basin; Macon County, 10; Menard and Cass counties, 9; Christian 
County, 8; DeWitt County, 6; Logan, McLean and Piatt counties, 5; Mason and 
Champaign counties, 2; and Shelby County, 1. 
Roughly half, or more than 90 mgd, of this net yield is derived from 
the 8 potential reservoir sites shown in Figure 12. Table 2 summarizes the 
information for these 8 sites and the results of a comparison of the poten-
tial reservoir yields with potential groundwater yields for the same catch-
ment areas. For comparison, the potential groundwater yield was calculated 
by estimating the potential yield from principal sand and gravel aquifers 
(Figure 11) in gallons per day per square mile, multiplied by the area of 
the basin in square miles. For the Goose Creek site (Piatt County), the 
potential groundwater yield is about 7.5 mgd, while the potential net yield 
of the surface water reservoir is 6.3 mgd. The estimated surface water 
yield exceeds the estimated groundwater availability at all of the other 7 
major sites. For a full description of these 8 sites and the 71 minor 
sites, the reader is referred to the original reports. 
1980 Water Withdrawals 
Approximately 114 million gallons of water per day (mgd) was withdrawn 
for use in the Sangamon River Basin in 1980, excluding water recirculated 
by the electrical-power generation and mining industries (Kirk, personal 
communication). Withdrawals of groundwater were estimated to be approxi-
mately 61 mgd. Except for .062 mgd pumped from one public water supply 
well at Stonington (Christian County), all public and large industrial 
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Table 2. The Eight Potential Reservoir Sites with Half of the Total Estimated Net Yield 
Capacity of all Potential Sites in the Sangamon River Basin (after Dawes and Terstriep, 1966a, b) 
1 Long Point Creek 646 41.4 7.2 2.1 
SW1/4 NW1/4 24-21N-1E 
(LeRoy & McLean Quad) 
2 Tenmile Creek 742 46.4 9.4 8.1 
SW1/4 SE1/4 2-19N-1E 
(Kenney Quad) 
3 N. Fork Salt Creek 2682 118.4 29.1 3.0 
Ctr. SE1/4 15-20N-3E 
(LeRoy & Maroa Quad) 
4 Goose Creek 780 60.0 6.3 7.5 
SW1/4 SE1/4 36-19N-5E 
(Monticello Quad) 
5 Bear Creek 1165 33.1 5.9 0.8 
NW1/4 NE1/4 9-11N-3W 
(Nokomis Quad) 
6 Spring Creek 1856 92.0 11.9 2.3 
NE1/4 NE1/4 25-16N-6W 
(Springfield and 
Tallula Quad) 
7 Clary Creek 1382 38.8 13.4 1.0 
SE1/4 SW1/4 27-19N-8W 
(Petersburg Quad) 
8 Cox Creek 1011 23.1 7.7 0.6 
SW1/4 SW1/4 10-18N-9W 
(Chandlerville Quad) 
groundwater supplies are obtained from sand and gravel aquifers. Some 
facilities may own bedrock wells for emergency or standby use. The 
locations of public and large industrial water supply wells are shown in 
Figure 13. 
Groundwater comprises 53.7 percent of all water withdrawn for use, 
excluding water that is recirculated in the electrical-power generating, 
coal mining, and sand and gravel mining industries. Of the total amount of 
groundwater withdrawn in 1980, 47.5 percent was used for irrigation and 
livestock, 32.5 percent was withdrawn by public water systems, 14.3 percent 
was for rural domestic use, and 5.7 percent was pumped by industrial wells. 
Except for Macon and Sangamon counties, all counties in the Sangamon River 
Basin are dependent on groundwater for most of their water supply (consid-
ering only that portion of the county which lies within the basin). 
The portions of the following counties that fall within the study 
basin are entirely dependent on groundwater as a source of public water 
supply: Champaign, DeWitt, Ford, Logan, Mason, Menard, and Piatt. All 
areas in the basin are at least 90 percent dependent on groundwater for 
rural domestic water supplies (Ref. 22). Statewide rural water use has 
increased by nearly 250 percent since 1970 (Ref. 9). The estimated number 
of private domestic water supply wells per township in 1970 is shown in 
Figure 14 (Ref. 75). 
Surface water withdrawals in the basin were estimated to be about 
53 mgd in 1980, excluding water recirculated by the electrical-power gener-
ation and mining industries. About 46.3 percent of the basin's water use 
was supplied by surface water sources in 1980. Of this amount, 84.5 
percent was used by public water supplies (82.3 percent of the total was 
withdrawn by the cities of Springfield and Decatur); 15.3 percent was 
withdrawn by industrial concerns; and less than one percent was withdrawn 
for rural or agricultural use. 
Water-use estimates by county, category, and source are presented in 
Table 3 for 1980. Figure 15 shows the estimated amount of water withdrawn 
in 1980 by township and source. 
27 
Center pivot irrigation system (Mason County) - The annual amount of 
groundwater used for livestock watering and irrigation in the basin exceeds 
that pumped for both public and private domestic groundwater supplies 
combined. Nearly all irrigation occurs in the Havana Lowland area of Mason 
County. 
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Figure 13. 
Figure 14. 
Rural domestic well (McLean County) - In 1970, the Sangamon Basin contained 
thousands of private domestic water supply wells. Since then, statewide 
rural domestic water use has more than doubled. Improperly sealed or 
abandoned water wells are potential sources of groundwater contamination. 
The great number of wells constructed or abandoned prior to the issuance of 
permits is of special concern. 
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Table 3. Estimated 1980 Water Withdrawals in the Sangamon River Basin 
(all values in million gallons per day) 
Cass (41.0) 0.184 0.138 0.000 0.000 0.132 0.002 0.551 — 0.867 0.140 86.1 13.9 
Champaign (26.3) 1.833 0.000 0.000 0.000 0.748 0.008 0.146 — 2.727 0.008 99.7 0.3 
Christian (97.1) 1.728 0.993 0.760 0.000 .0.696 0.011 0.310 — 3.494 1.004 77.7 22.3 
DeWitt (100.0) 1.844 0.000 0.000 0.557 0.376 0.004 0.162 — 2.382 0.561 80.9 19.1 
Ford (14.8) 0.520 0.000 0.044 0.000 0.048 0.000 0.039 — 0.651 0.000 100.0 0.0 
Logan (100.0) 4.351 0.000 0.000 0.000 0.396 0.006 0.471 — 5.218 0.006 99.9 0.1 
McLean (52.9) 3.9.80 0.000 0.537 0.000 0.704 0.007 0.396 — 5.617 0.007 99.9 0.1 
Macon (95.7) 0.944 24.001 0.000 7.468 1.019 0.013 0.219 — 2.182 31.482 6.5 93.5 
Macoupin (2.9) 0.000 0.000 0.000 0.000 0.026 0.000 0.036 — 0.062 0.000 100.0 0.0 
Mason (58.9) 0.279 0.000 0.010 0.525 0.439 0.007 24.207 — 24.935 " 0.532 97.9 2.1 
Menard (100.0) 0.761 0.000 0.000 0.000 0.278 0.004 0.338 — 1.377 0.004 99.7 0.3 
Montgomery (10.3) 0.046 0.000 0.000 0.000 0.078 0.001 0.119 — 0.243 0.001 99.6 0.4 
Morgan (3.5) 0.000 0.000 0.000 0.000 0.018 0.000 0.029 — 0.047 0.000 100.0 0.0 
Piatt (61.4) 0.961 0.000 2.129 0.000 0.261 0.005 0.141 -- 3.492 0.005 99.9 . 0.1 
Sangamon (99.3) 2.167 19.320 0.000 0.000 3.363 0.051 0.909 — 6.439 19.371 24.9 75.1 
Shelby (12.7) 0.132 0.000 0.000 0.000 0.085 0.009 0.103 — 0.320 0.009 97.3 2.7 
Tazewell (12.4) 0.181 0.000 0.000 0.000 0.076 0.004 0.932 — 1.189 0.004 99.7 0.3 
Total 19.911 44.452 3.480 8.550 8.743 0.132 29.108 — 61.242 53.134 53.5 46.5 
*excluding electric-power generating, coal mining, and quarrying industries with high recirculation 
**weighted by percent of county area in basin 
†based on IDPH estimates of percent supplied by GW (Withers et al., 1982) 
††unavailable at this time 
Figure 15. 
SECTION 4 
REGIONAL GROUNDWATER QUALITY 
Availability of Data 
Because there is no statewide or regional groundwater monitoring net-
work in place, data on groundwater quality in the study basin are extremely 
limited, especially in the southwestern area where drift aquifers are 
sparse. Most of the available groundwater quality information is based on 
samples collected occasionally from public water supply wells. Since many 
of these wells tap the more productive drift deposits, there are more water 
quality data available for these aquifers than for the less productive 
discontinuous drift or bedrock formations. Available data also are limited 
to a relatively small number of inorganic chemical parameters. Data for 
typical organic contaminants are not available, except for occasional 
measurements of total organic carbon. 
State Water Survey records indicate that of the approximately 173 
townships (each containing about 36 square miles or less) lying partially 
or entirely within the basin, over 76 percent have no chemical analyses on 
record for the period 1970 through 1978 for drift aquifers less than 50 
feet deep. Another 11 percent of the townships have only one inorganic 
chemical analysis on record for this period. This leaves only about 13 
percent of the basin areas with two or more analyses on which statistics 
can be calculated for inorganic indicators of groundwater quality. Thus, 
contour maps of present-day shallow-groundwater quality in the Sangamon 
Basin cannot be developed due to the lack of adequate data. 
A previous study which summarized the groundwater quality data on file 
at the ISWS for the period 1940-1978 (Ref. 15) indicated that the median 
total dissolved solids content of samples collected from the shallow drift 
aquifers over the past 40 years ranged from less than 400 mg/L in the 
Havana Lowland to more than 800 mg/L in central McLean County. It was also 
shown that long-term median concentrations of hardness (as CaCO3) ranged 
from less than 400 mg/L to less than 600 mg/L; median sulfate concentra-
tions were generally less than 100 mg/L; median chloride content was less 
than 20 mg/L in the southern part of the basin and greater than 40 mg/L in 
the Bloomingtori-Normal region; nitrate was highest in southern McLean 
County, at greater than 20 mg/L; and total iron concentrations were lowest 
in the Havana Lowland, at less than 0.3 mg/L, and greater than 1.0 mg/L 
over most of the eastern half of the basin. These parameters are consid-
ered accurate only in areas and aquifers in which long-term water-quality 
changes are not occurring. The 40-year median values are not necessarily 
indicative of present-day groundwater quality. 
The median total dissolved solids content of groundwater from the 
deeper unconsolidated aquifers (greater than 50 feet deep) in the Sangamon 
River Basin is shown in Figure 16 for the period 1970-1978. There are not 
sufficient data in the southwestern region of the basin for contouring 
because deep drift aquifers are generally absent. Of the 173 townships 
lying entirely or mostly within the basin, over 50 percent have no chemical 
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analyses on record for the period 1970-1978 for wells in the deeper drift 
aquifers. About 21 percent of the basin has only one sample analysis per 
36-square-mile township. The remaining 29 percent of the basin area has 
two or more analyses per township on which to base statistics for the 
period 1970-1978. Since the available chemical data are marginal for 
determining the groundwater quality of the deeper drift aquifers as a 
whole, any attempt to further divide the data into distinct sand and gravel 
aquifer units would likely result in insufficient data for any purpose. 
The available data are also inadequate to separate the impact of human 
activities from the natural variability of the total dissolved mineral 
content. 
Figure 16 shows that for the period 1970-78, median total dissolved 
solids content in drift aquifers greater than 50 feet deep ranges from less 
than 300 mg/L in the Havana Lowland region to greater than 700 mg/L in the 
Decatur-Macon County area. The low concentrations in the sandy soils of 
the Havana Lowland region may result from rapid recharge rates allowing 
dilution of groundwater by less mineralized precipitation, and high ground-
water velocities allowing less contact time for chemical leaching. 
Because of the low yields and high mineralization typical of bedrock 
water wells in the Sangamon River Basin, development of glacial drift 
aquifers is preferable in most areas of the basin. Therefore, few water 
samples are collected from production wells in bedrock aquifers, and the 
water quality of the shallow bedrock aquifers cannot be determined on a 
regional basis. Individual chemical analyses have shown that bedrock-water 
quality varies over a wide range depending mainly on the depth of the sam-
pled interval. Total dissolved solids content ranges from about 500 mg/L 
in shallow Pennsylvanian rock to several thousand milligrams per liter at 
greater depths. Other parameters seem to vary in like fashion, including 
chloride, which ranges from less than 50 to greater than 2500 mg/L in 
sampled wells. 
Apparent Trends 
In an effort to detect local or regional changes in groundwater quali-
ty that may be occurring in the Sangamon River Basin, historic chemical 
data for 31 public water supply well fields were analyzed for six inorganic 
water quality parameters. , Five-year moving averages were plotted for TDS, 
hardness, alkalinity, sulfate, chloride, and sodium, including available 
data for all wells in the well field. The large volume of working graphs 
generated in this analysis precludes their inclusion in this report. 
However, examples of similar trend graphs are presented in Reference 15. A 
summary of the results of the trend analysis for this study is presented in 
Table 4. 
Of the 31 well fields, nine exhibited no significant changes over the 
period of record for any of the six parameters investigated. Eighteen 
(58 percent) of the well fields showed no long-term changes in mean TDS; 11 
(35 percent) had slight or definite increases; and two (6 percent) showed 
slight or definite decreases. Five (16 percent) of the well fields exam-
ined demonstrated slight or definite increases in hardness (as CaCO3). 
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Argenta 1,2 NT DEC NT NSD INC NSD 
Armington 1,2,(?) NT DEC NT INC NT NT 
Athens 1,2,3,4,(?) INC NT ' NT INC INC NSD 
Atlanta 1-6 NT NT NT INC NT NSD 
Clinton 1-9 NT NT NT NT NT NT 
Dawson 1,2,(?) NT NT NT NSD INC NSD 
DeKalb Ag. Assoc. 9-13 INC NT NT INC INC INC 
DeLand 1-5,(?) NT NT NT NT NT NT 
Edinburg 1,3,8-11,(?) INC NT NT INC DEC INC 
Farmer City 1-10 NT NT NT INC NT NT 
Fisher 1-4 NT NT NT NSD NT NSD 
Gibson City 1-4,(?) INC INC NT INC INC INC 
Greenview 3,4 INC INC INC NSD NT NSD 
Hartsburg 1-3 INC INC INC INC INC INC 
Latham 1-5,(?) NT INC NT NSD NT NSD 
Lincoln 2-5,8-10,12 NT NT NT NT NT NT 
Macon 2-4,(?) NT NT NT NSD NSD NSD 
Maroa 1-2,(?) NT DEC NT NSD NT NSD 
Minier 2-4 NT NT NT NT NT NT 
Monticello 1,2,4,5 NT NT NT NSD NT NSD 
Morrisonville 1,4-6,(?) INC INC INC INC INC NT 
Mt. Pulaski 4,5,6 INC NT NT NT INC INC 
Niantic 1-4,(?) INC NSD INC NSD INC NSD 
Normal 5-11,13,14 INC DEC DEC NT INC INC 
3,4,(?) NT NT NT NT NT NT 
Petersburg 1,3-6 INC NT NT NT INC NSD 
Rantoul 5,7 DEC NSD NSD NSD NT DEC 
1,3,4,6 DEC NT INC INC NT INC 
Stonington 8,10,11 NT NT NT NT NT NSD 
Warrensburg 1,2,(?) NT DEC DEC NT NT NT 
Weldon 1-4,(?) NT NT NT NT NT INC 
INC - Increase in concentration over the period of record 
DEC - Decrease in concentration over the period of record 
NT - No trend in concentration over the period of record 
NSD - Not sufficient data 
(?) - Unreported well number for one or more analysis 
*All other public supplies have insufficient data for analysis. 
37 
Table 4. Results of Preliminary Water Quality Trend Analysis 
on Data for Selected Public Groundwater Supplies* 
in the Sangamon River Basin 
Road-salt stockpile (Mason County) - The prevalence of open road-salt 
stockpiles and the "apron" effect at covered facilities may be primary 
causes of the chloride increases noted for numerous public groundwater 
supplies in the basin and elsewhere in the state. 
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An equal number exhibited decreases in hardness of the raw well water; 19 
(61 percent) showed no change in mean hardness; and two (6 percent) did not 
have sufficient data to determine hardness trends. Increases in mean 
alkalinity were noted for five (16 percent) of the well fields in question. 
Two (6 percent) of the well fields showed slight or definite decreases in 
mean alkalinity; 23 (74 percent) showed no discernible trend; and one (3 
percent) did not have adequate alkalinity data for determination of trends. 
Analysis of the sulfate data revealed 10 (32 percent) of the well fields 
exhibited long-term increasing trends in concentration; 11 (35 percent) 
showed no significant change in sulfate; and the remaining 10 (32 percent) 
did not have sufficient sulfate data on file to determine trends. For 
chloride, increases were noted for 11 (35 percent) of the well fields. One 
(3 percent) well field showed slightly decreasing chloride content over 
time; 18 (58 percent) revealed no significant changes in mean chloride 
content; and one had insufficient data for analysis. Finally, sodium 
increases were shown for eight (26 percent) well fields. One well field 
showed a slight decrease in raw sodium content; nine (29 percent) showed no 
significant trends in sodium concentration; and 13 (42 percent) of the well 
fields had inadequate data on file to determine long-term changes in sodium 
concentration. 
Most of the well fields with significant increases in the concentra-
tions of one or more of these inorganic water-quality parameters are 
finished in relatively shallow (about 100 feet or less in depth) sand and 
gravel aquifers, often those associated with stream valley deposits. Those 
not showing trends tend to tap deeper drift aquifers that lie farther from 
surficial pollution sources than the shallow aquifers. About a third of 
the well fields checked showed increases in chloride and sulfate. There 
are a multitude of potential reasons for these groundwater quality changes. 
Some trends may be indicative of local conditions or mechanical deficien-
cies, such as leaky sewers or corroded casings that allow poor-quality 
water into an aquifer. Other well fields may be located near local sources 
of groundwater degradation, such as water treatment sludge lagoons, land-
fills, or road-salt stockpiles. A detailed study to determine the causes 
of the apparent long-term water quality changes at each well field exhibit-
ing trends toward increasing concentrations of these inorganic constituents 
is warranted but is considered beyond the scope of this synoptic study. 
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SECTION 5 
POTENTIAL EFFECTS OF GROUNDWATER ON STREAM QUALITY 
In order to better understand the role of groundwater discharge in 
determining stream-water quality in the Sangamon River Basin, historical 
streamflow and water quality data for two sub-basins were analyzed using 
the graphical base flow separation, stepwise multiple regression, and mass 
balance techniques employed in a previous study of groundwater-surface 
water relationships for the Mackinaw River Basin (Ref. 16). 
In the previous study, a simple empirical method was developed for 
estimating the relative contributions of base flow and direct surface 
runoff to stream-water chemistry. This method has several advantages, but 
the most significant are: (1) it utilizes readily available historical 
data, eliminating the need for additional costly data collection activi-
ties; (2) it provides a general estimate of the relative contributions of 
base flow and direct surface runoff to stream-water quality; and (3) it 
provides useful information on the seasonal variation of the contributions 
from both flow components. These variations can be used for determining 
the time of year when water quality control strategies might be most 
effectively applied. 
The two sub-basins chosen for study are the Sangamon River at Mahomet 
(USGS No. 50571000; Area = 362 sq mi) and the South Fork Sangamon River 
near Rochester (USGS No. 50576000; Area = 869 sq mi) (see Figure 17). Data 
for the period of October 1966 through September 1976 were analyzed. These 
two sub-basins were selected for study on the basis of their locations 
within the Sangamon Basin and on the availability of stream discharge 
hydrographs, stream water quality data (see Appendix A), and base flow 
statistical data developed in previous studies (Refs. 17, 18, 19). Basic-
ally, the analytical method assumes that streamflow can be divided into two 
major components: (1) base flow, or all water reaching the stream after 
infiltrating through the soil (plus continuous point-source effluent 
discharges); and (2) direct surface runoff, or that precipitation which 
does not percolate but flows over the land surface directly into the stream 
(plus storm sewer inputs). Data for each of the two gaging stations were 
analyzed by the method described briefly below. The method is explained in 
greater detail in References 16 and 17. 
Mean daily streamflow hydrographs for the study period were generated 
for a previous study using the University of Illinois computer system and 
USGS streamflow data. The graphical baseflow separation method was used to 
separate mean daily streamflow on each sampling date into base flow and 
direct surface runoff. It was determined from graphical separation of the 
hydrograph data that 67 of the 118 monthly grab samples collected at the 
Mahomet station over the 10-year period were collected on days when all of 
the stream's discharge was derived from base flow and none from direct 
runoff of precipitation. Fifty-one of the 118 samples collected at the 
Rochester station were determined to be 100 percent base flow. 
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Figure 17. 
Using the STAT statistical computing package on the CDC CYBER 1 75 
system, the chemical data for total dissolved solids (TDS), hardness (as 
CaCO3), sulfate, chloride, nitrate, and total iron on baseflow sampling 
dates were individually entered into the stepwise multiple regression as 
the dependent variables; The independent variables chosen were mean daily 
stream discharge (QB) or LOG10 of discharge (LOG QB) and, to 
account for possible long-term trends, the time of sampling (ET) in months 
since September 1966. The LOG10 of the chemical parameter concentra-
tion was also tested in the stepwise multiple regression to determine which 
form of the dependent variable gave the "best" results. The F-value for 
analysis of variance was calculated for each step of each regression and on 
the improvement of each step over the preceding step to determine which of 
the independent variables to include in the final regression equation. 
Following this determination, the regression equation with the highest 
multiple correlation coefficient was chosen as the "best" predictor. In 
some cases (for example, base flow hardness and iron at the Mahomet 
station), none of the independent variables was significant in explaining 
the variance of the chemical data. In such cases, the arithmetic mean base 
flow concentration was used in subsequent calculations. 
Using the previous base flow regression results to estimate base flow 
mineral concentrations at times when streamflow was composed of both base 
flow and surface runoff (i.e., during runoff events), the concentrations of 
the six inorganic parameters in the surface runoff were estimated by 
solving a simple two-component mass-balance equation. The mass-balance 
equation is of the form: 
where QT is mean daily streamflow on the sampling date determined from 
the hydrographs; CT is the concentration in the stream determined from 
monthly grab samples (see Appendix A); QB is the rate of base flow 
discharge to the stream on the sampling date, determined by a graphical 
hydrograph separation method; CB is the estimated concentration in the 
base fiow obtained from the regression equations; and CR is the calcu-
lated concentration of the chemical parameter in the direct surface runoff 
component. 
Although direct-surface-runoff chemical concentrations may be inher-
ently more variable than base-flow-chemistry values, it should be kept in 
mind that all of the statistical error associated with using the regression 
equations to predict base flow quality during runoff events is assigned to 
the runoff quality component. In some cases, most frequently at very low 
runoff base flow ratios and for chemical parameters with low mean values, 
this resulted in the derivation of negative runoff concentrations. When-
ever negative concentrations were obtained from either the regression or 
the mass-balance equations, these values were set equal to 10-5 mg/L 
before proceeding with subsequent computations. Assigning a non-zero 
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concentration value allowed log transformations to be performed on the 
runoff chemical data. This technique may result in artificially high mean 
runoff concentration values for inorganic constituents, which often 
produced negative values (e.g., iron and nitrate). For this reason, the 
surface-runoff chemistry results are much less accurate and probably less 
reliable than the corresponding base flow results. Overall arithmetic 
mean, median, and standard deviation values for base flow and surface-
runoff chemistry at the two sampling stations are presented in Table 5. 
The surface-runoff concentration values obtained for runoff events 
from the mass-balance equation were analyzed by the stepwise multiple 
regression method in a manner identical to the base-flow-chemistry analysis 
described previously. The results of the regression analysis for both flow 
components are presented in Appendix B for the two sub-basins. 
In order to estimate the seasonal variations in both base flow and 
surface-runoff chemistry, the arithmetic mean and standard error of the 
concentrations measured in base flow and calculated for surface runoff were 
computed for each month of the year during the period of record. Plots of 
the monthly averages and standard errors are presented in Appendix C for 
the two sampling stations. 
Average base flow TDS concentrations are slightly higher for the 
Mahomet station (419 mg/L) than for the Rochester station (356 mg/L). TDS 
in base flow generally exhibited peak values in the late fall months, 
though the peak is less pronounced for the Rochester station. This is to 
be expected in light of the low flows common during these months and the 
inverse relationship between base flow and TDS. TDS in direct surface 
runoff appears to peak in the late fall and winter months at both stations. 
Concentrations in runoff average about 429 mg/L at Mahomet and about 
268 mg/L at Rochester. 
The concentration of hardness in base flow is very similar to TDS in 
its seasonal distribution for both stations. Runoff hardness appears to be 
least in the spring months (100-200 mg/L) and greatest in the fall and 
winter months (300-500 mg/L). Again, average hardness concentrations 
appear to be slightly less for both flow components in the South Fork Basin 
compared to concentrations in the Mahomet Basin. 
The concentrations of sulfate in base flow at both stations average 
about 71 mg/L. Runoff concentrations appear to be higher (about 81 mg/L) 
at the Mahomet station compared to the South Fork Basin (about 57 mg/L). 
Concentrations at the Mahomet station exhibit less variability than the 
Rochester data. Sulfate concentrations roughly follow the same seasonal 
pattern as TDS and hardness. 
Concentrations of chloride in base flow measured at the Mahomet 
station are fairly constant at about 20 mg/L for the late winter, spring, 
and summer months; the overall mean base flow concentration is about 
22 mg/L. However, values peak at about 30 mg/L in the late fall months. 
Runoff chloride values at Mahomet apparently average less than 10 mg/L in 
mid-summer, increasing to about 100 mg/L in February with a second peak of 
about 80 mg/L in the late fall. The mean runoff chloride concentration at 
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Table 5. Summary of Base Flow and Surface Runoff Chemistry Statistics 
for Two Sub-Basins During the Period October 1966 to September 1976 
(Base flow values are measured while runoff values are calculated) 
(units are mg/L unless otherwise indicated) 
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Mahomet is about 44 mg/L. The seasonal distribution may be related to a 
greater proportion of effluent discharges added during these months of 
characteristically low flows. Chloride data for the South Fork near 
Rochester appear to show a slightly different seasonal distribution than 
the Sangamon at Mahomet. Base flow chloride concentrations increase rather 
steadily from values of about 30 mg/L to a peak of about 38 mg/L in the 
winter months, with a mean value of about 31 mg/L. Runoff values average 
about 28 mg/L and range from less than 10 mg/L in the mid-summer to about 
40 mg/L in the late fall and winter. 
The seasonal nitrate concentrations appear to be very similar for both 
basins, except that concentrations at the Mahomet station are roughly twice 
those at Rochester. Nitrate concentrations in base flow at Mahomet are 
lowest (about 10 mg/L) in mid-summer and highest (about 35 mg/L) in the 
winter, spring, and early summer months, averaging about 30 mg/L. Runoff 
at Mahomet also averages about 30 mg/L nitrate, with a peak of about 
55 mg/L in the late winter and spring months and values of less than 
10 mg/L in the summer months. Rochester base flow nitrate is highest 
(20 mg/L) in late spring and lowest (5 mg/L) in the late summer, with a 
mean of about 14 mg/L. Nitrate in Rochester runoff appeared to peak in 
winter and late spring at about 35 mg/L, with lowest concentrations (less 
than 10 mg/L) occuring in the summer. The average nitrate concentration in 
runoff (including negative values set equal to zero) is about 15 mg/L at 
Rochester. 
Both sub-basins exhibit similar seasonal iron concentrations. Base 
flow iron values typically range from near zero to about 3 mg/L, with a 
slight increase in the summer months. Mean iron concentrations in Mahomet 
base flow are about 1.7 mg/L. At Rochester the mean value in base flow is 
2.0 mg/L. Runoff iron concentrations appear to be highly variable compared 
to base flow values. They average 7.2 mg/L at both stations and appear to 
peak at about 20 mg/L in the late spring and early summer months. Lowest 
values (5 mg/L) typically occur in the late fall The source of the runoff 
iron is most likely sediment that is washed into the' stream from 
agricultural land. 
For each sampling station, values of mean daily flow for each month of 
the year for the period of study were obtained from the historic rec6rd. 
Using the base flow probability curves developed in a previous study 
(Ref. 17), mean daily base flow quantities were estimated for each basin by 
averaging the median rising limb and median falling limb base flow rates at 
the total streamflow rate of interest. The mean surface-runoff rates were 
calculated by subtracting the estimated base flow from the mean total 
streamflow rates. 
The estimated average amount of flow contributed by surface runoff and 
base flow during the study period is shown for both sub-basins in 
Figure 18. Base flow contributed an average of 59 percent of the annual 
total flow of the Sangamon River at Mahomet, with the largest contribution 
(72 percent) in August and the least amount (55 percent) in April. The 
station on the South Fork received an average of 60 percent of its flow 
from base flow, with the greatest proportion (71 percent) also contributed 
in August and the smallest contribution (55 percent) occurring in February. 
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Figure 18. Estimated average monthly contribution of base flow and 
surface runoff to mean daily streamflow for two sub-basins 
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Except for the summer months, mean discharge from both watersheds was above 
normal during the 10-year study period (see Figure 19). Therefore, the 
results are applicable to the period studied but not necessarily to other 
time periods. 
For each month of the year, these mean QB and QR values were 
entered into the appropriate regression equation determined previously for 
each of the six chemical parameters (see Appendix B). The resulting 
monthly average concentrations were calculated to obtain the theoretical 
monthly distribution of mean daily chemical load. These results are 
presented in Figure 20 for the Sangamon River at Mahomet and in Figure 21 
for the South Fork Sangamon River near Rochester. Figure 22 shows the 
percent of the total daily chemical load theoretically contributed in each 
month by the baseflow component for each of the six chemical parameters at 
both stations. 
These results indicate that, except for total iron in both basins and 
chloride at the Mahomet station, between 60 and 70 percent of the total 
daily inorganic chemical load to the two study streams may be derived from 
the base flow component on an annual basis. Assuming the: majority of the 
base flow is composed of groundwater discharge, it is apparent that ground-
water quality plays a major role in determining the water quality in 
streams in the Sangamon River Basin. The relative contributions of base 
flow to TDS, hardness, sulfate, and chloride are fairly constant throughout 
the year for both stations. The percent of nitrate and iron contributed by 
base flow remains fairly constant for the Rochester station but varies 
significantly over the year for the Mahomet station. The relative contri-
butions of iron, nitrate, and chloride from base flow at Mahomet all appear 
to increase during the late summer-early fall months when low flows are 
common. According to these empirical results, more than 90 percent of the 
summer nitrate load at Mahomet can be attributed to the base flow compo-
nent. Yet another difference noted between the two stations is that the 
amount of chloride contributed from base flow ranges from about 40 to 50 
percent at Mahomet and from about 60 to 70 percent at Rochester. 
47 
Figure 19. Monthly distribution of mean daily flow for the study period 
(1966-1976) compared to the period of record 1948-1980) for two sub-basins 
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Figure 20. Estimated average daily chemical load for six inorganic 
constituents for the Sangamon River at Mahomet (1966-1976) 
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Figure 21. Estimated average daily chemical load for six inorganic 
constituents for the South Fork Sangamon River near Rochester 
50 
Figure 22. Estimated relative contribution of base flow to total daily 
chemical load for six inorganic constituents for two sub-basins 
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SECTION 6 
AQUIFER SUSCEPTIBILITY TO CONTAMINATION 
Numerous attempts have been made to develop standard methods for 
determining the degree of threat to groundwater quality posed by various 
potential pollution sources. These attempts have often been hindered by 
the large number of complex factors involved in making a determination of 
this type and by the site-specific nature of many of these factors. Among 
these factors are: the nature of the potential source or cause of pollu-
tion; the nature and amount of the contaminants likely to be released by 
the source; the hydraulic and geochemical characteristics of the solid 
materials through which the contaminants must pass; the thickness of the 
unsaturated zone between the source and the aquifer; the rates and 
directions of flow within the aquifer; the location of the source with 
respect to groundwater recharge and discharge zones; the presence of 
natural or artificial conduits through which groundwater can rapidly flow; 
and, the baseline quality of the threatened aquifer. 
Certain of these features, for example geologic setting, are amenable 
to the construction of large-scale maps that can simplify the determination 
of pollution potential. The Illinois State Geological Survey recently 
developed the capability to define the subsurface geologic environment in 
three dimensions. This method, known as "stack-unit" mapping, depicts the 
sequence of geologic materials in a series of elevation intervals. By 
stacking these layers, one can construct a three-dimensional model of the 
general stratigraphy in the area of interest. 
Utilizing this newly developed mapping capability, state geologists 
are constructing preliminary statewide maps at a scale of 1:250,000 showing 
the relative susceptibility of shallow aquifers at least 5 feet thick to 
contamination based primarily upon the stratigraphy of the uppermost 50 
feet of surficial material. The resultant maps are useful for assessing 
the degree of threat to shallow aquifers (within 50 feet of the land 
surface) to contamination by individual septic tank systems, surface 
spreading of certain wastes, and the over-application of agricultural 
chemicals. The preliminary working map available for the Sangamon Basin is 
presented in Figure 23. A similar map is presented in Figure 24 to repre-
sent the susceptibility of shallow aquifers to the land burial of non-
hazardous wastes. Both maps have been modified slightly to indicate the 
susceptibility category assigned by the geologists to the near-surface 
geologic conditions. 
The maps show that shallow aquifers, which may be highly susceptible 
to contamination from the land application or burial of materials which 
generally produce a diffuse, degradable, low-mobility, non-hazardous 
contaminant, are found mainly in the sandy Havana Lowland area and in sandy 
alluvial deposits along the major stream valleys in the basin. Shallow 
aquifers designated by these maps as highly susceptible occupy about 20 
percent of the basin, with the remainder receiving either a low or low-
moderate rating. 
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Figure 23. 
Figure 24. 
Although the deeper drift aquifers, such as the Mahomet Bedrock 
Valley, are relatively less prone to contamination by virtue of their 
depth, they are not immune to contamination from near-surface human activi-
ties. On the contrary, the deeply buried drift aquifers in the Sangamon 
River Basin receive substantial recharge from the overlying shallower 
deposits, although the rate of recharge may be retarded by thick sequences 
of overlying, low-permeability glacial till. These till layers can effec-
tively delay the movement of contaminated groundwater, but in time recharge 
from the surficial deposits will reach the deeper sand and gravel zones. 
Therefore, the contamination of shallow deposits may precede the contamina-
tion of deeper aquifers receiving recharge from overlying formations. The 
process can be greatly accelerated by pumping groundwater from the deeper 
zones. 
The shallow aquifer susceptibility maps are not applicable to aquifers 
greater than 50 feet deep nor to many of the potential pollution sources 
and pathways in the study basin. Certain activities may produce highly 
concentrated, conservative, mobile, and/or toxic contaminants. There are 
circumstances under which low-permeability confining layers can be by-
passed, causing pollutants to be introduced directly into deeper aquifers. 
Improperly constructed or abandoned test borings and wells for oil, gas, 
and water resource development often provide conduits for pollutants to 
enter aquifers unimpeded (Ref. 71). Exposure to salts can corrode well 
casings, allowing polluted or poor-quality groundwater to migrate into 
water-supply aquifers. Mining can create hydraulic connections, effecting 
similar results. 
Evidence that deep drift aquifers can be adversely affected by even 
near-surface sources of pollution may be seen in data collected recently 
from a production well finished in Illinoian (intermediate level) sand and 
gravel deposits at a depth of about 170 feet in the Mahomet buried valley. 
The well is located in Champaign County just east of the Sangamon River 
Basin in Section 18, T. 20N., R. 9E., about 125 feet from a covered road-
salt storage facility (an open-ended concrete bin). Despite the well's 
depth, a sample collected on March 19, 1982 (SWS Analysis No. 216825) 
revealed a chloride content of 440 mg/L and a sodium content of 236 mg/L. 
Total dissolved solids was measured at 1077 mg/L. An analysis of a water 
sample collected from the same well in 1969 (SWS Analysis No. 179095) 
measured chloride at 9 mg/L and total dissolved solids at 378 mg/l (sodium 
was not determined). It is obvious that this well has been affected, al-
though the mechanism by which it was polluted has not been established. 
For those situations in which the shallow aquifer susceptibility maps 
are not applicable, an alternative method of assessing the degree of threat 
to groundwater in the sand and gravel aquifers of the Sangamon Basin is to 
compare title locations of potential contamination sources with the estimated 
potential yields of the principal aquifers (see Figure 11). This method 
includes the best available information on an aquifer's thickness and 
extent, its ability to transmit polluted groundwater toward discharge 
zones, and potential rates of input (recharge). Such a comparison avoids 
the assumption that 30 feet of less-permeable material is sufficient to 
protect underlying aquifers from near-surface pollution sources and also 
considers the relative importance of the aquifers as current and future 
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sources of water. Dilution and attenuation of contaminants within the 
aquifer depend to some extent on the concentrations and characteristics of 
the pollutant in question and cannot be depicted on generalized maps. 
The greater the potential yield of a sand and gravel aquifer, the more 
polluted recharge can enter the formation and the easier it is for contami-
nants to travel toward zones of discharge such as production wells and 
rivers. Aquifers with low potential yields are more likely to be limited 
in thickness and areal extent (in some cases surrounded by till) and thus 
have a lower susceptibility. Depending on their location, sand and gravel 
aquifers with high potential yields are most likely to be very thick and 
extensive. These are likely to be developed for large public and indus-
trial water supplies, and therefore the consequences of contamination are 
likely to be much more severe and economically damaging in these areas. 
Susceptibility categories for deep drift aquifers can be inferred from 
the relative yield capabilities of the aquifers, as shown in Figure 11. 
For the purpose of this study, aquifers in category 1 are considered of low 
susceptibility since sand and gravel deposits often are absent in these 
areas. Aquifers with a potential yield of less than 50,000 gpd/sq mi 
(category 2, Figure 11) are designated as low-moderate susceptibility since 
sand and gravel deposits generally are present and can supply water to 
wells, though they are likely to be limited in thickness and extent. 
Moderate-high susceptibility rating is assigned to drift aquifers capable 
of yielding 100,000-200,000 gpd/sq mi (categories 3 and 4, Figure 11) as 
these formations are probably thicker, more extensive, and more important 
as potential water supplies. Finally, categories 5, 6, and 7 in Figure 11 
are considered highly susceptible to contamination from human activities 
because they are most likely to be in areas of thick surficial sands and 
gravels (see Figure 7), where recharge rates are very high. 
Like the shallow aquifer susceptibility maps, this approach reveals 
that the Havana Lowland area is very highly susceptible to contamination, 
since the presence of sand and gravel near the land surface allows very 
rapid recharge and high groundwater flow capabilities. Under this scheme, 
the Mahomet Bedrock Valley deposits and certain upper and intermediate 
level aquifers in the northwest half of the basin are moderately to highly 
susceptible, since recharge and transmissivity rates are moderately high. 
The less-permeable till layers that typically separate the upper, inter-
mediate, and lower sand and gravel units are thin or absent in some areas 
(i.e., "windows"), allowing recharge to move rapidly from the upper to the 
lower deposits (Ref. 34). These aquifers are very important as sources of 
water for thousands of central Illinois residents in many municipalities. 
The potential-aquifer-yield map indicates that certain alluvial and 
near-surface aquifers are also moderately to highly susceptible to contami-
nation. Aquifers of moderately high pollution potential are located in 
Logan County at and upstream from the confluence of the Lake Fork with Salt 
Creek between Lincoln and Mt. Pulaski. Similarly, the deposits along the 
South Fork in the vicinity of and upstream from Taylorville in Christian 
County, downstream from Sangchris Lake, and along the main branch of the 
Sangamon River where it divides Christian from Sangamon County are also of 
moderate to high susceptibility. 
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Moderately to highly susceptible aquifers generally flank the Mahomet 
Bedrock Valley and cover most of the northern half of Macon County (virtu-
ally encircling the city of Decatur), the southwest corner of Logan County, 
and isolated smaller areas in northern and central Christian County. 
Areas of moderately low susceptibility based on aquifer potential 
yield cover over half of the Sangamon Basin and are found mainly in the 
southwest corner of the basin, particularly in: southeastern Cass County, 
southern Menard County, most of Sangamon County, most of Christian County, 
southern Macon County, eastern McLean County, northern Piatt County, west-
ern Ford County, southern Logan County, and western DeWitt County (see 
Figure 11 , category 2). 
Aquifers of very low susceptibility to pollution are those located 
primarily in southwestern and central Sangamon County and in the vicinity 
of the City of Springfield and Lake Springfield (see Figure 11, category 
1). In this area, the drift is relatively thin (see Figure 8) and sand and 
gravel deposits are sparse (see Figure 11). However, Figure 14 reveals 
that there are hundreds of private domestic water supply wells which could 
be impacted by sources of contamination in this area. The total number of 
people potentially affected could be relatively small, however. 
One of the limitations of using stratigraphy or aquifer potential 
yields to determine "critical" water supply areas is shown by the fact that 
there are numerous domestic wells in the study basin (see Figure 14). 
These domestic groundwater supplies usually tap thin stringers of silt or 
sand in the glacial till via shallow, large-diameter dug or augered wells. 
These water-bearing deposits are seldom extensive or thick enough to be 
considered "aquifers," yet they provide potable water for thousands of 
rural residents in the Sangamon Basin. Improper storage or disposal of 
wastes in these areas of low or low-moderate potential yield (and suscepti-
bility) may affect the present and future usability of the groundwater. 
Furthermore, groundwater is most often the primary source of streamflow, 
and surface-water quality problems may result from the contamination of 
these seemingly insignificant "aquifers." 
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SECTION 7 
POTENTIAL SOURCES AND PATHWAYS OF GROUNDWATER POLLUTION 
Waste disposal, though it receives a great deal of attention, is only 
one potential cause of groundwater quality degradation. In a developed 
area such as the Sangamon River Basin, there are countless potential 
sources of pollutants, ranging from animal wastes to synthetic organic 
solvents. This section of the report identifies and describes some of the 
potential sources and pathways of groundwater pollution that are associated 
with various human activities in the Sangamon River Basin. It is not meant 
to be an exhaustive inventory of all potential sources, but is intended to 
delineate areas where certain easily identified potential sources are 
concentrated. 
General Land Use 
Agricultural lands, such as the cropland and pasture that make up 
nearly 90 percent of the study basin, are typically fertilized and often 
treated with biocides. With proper application, fertilizers and most 
pesticides should break down in, or adhere to, the upper several inches of 
the soil, presenting only a marginal threat to groundwater (Ref. 74). 
However, excessive application, improper equipment washing techniques, and 
waste dumping of farm chemicals can pose serious threats to shallow ground-
water quality. Application of agricultural chemicals in areas character-
ized by sandy soils is also of concern. The storage and transportation of 
agricultural chemicals presents the possibility of accidents and spills. 
Pasture land accumulates animal waste which may cause nitrate and bacterial 
pollution in groundwater and surface water. Feedlot operations generate 
much more animal waste in a concentrated area, creating a greater potential 
threat (Ref. 74). Agricultural surface impoundments are fairly common in 
the Sangamon River Basin and may be significant in terms of surface-water 
and groundwater quality degradation (Refs. 63, 68, 69). However, the 
available groundwater quality data are not adequate for determining the 
impact of agriculture on the water resources in the basin. 
Urbanization and industrialization produce a multitude of potential 
pollutants that are confined to relatively small areas. "Because [humans 
are] responsible for actions leading to groundwater pollution, it follows 
that a large proportion of the sources and causes of underground pollution 
are found in and near population centers." (Ref. 68, p. 1-8). Urban 
stormwater lakes sited in permeable deposits which are hydraulically 
connected to an aquifer have been shown to increase the concentrations of 
total dissolved solids, chloride, chemical oxygen demand, nitrogen, and 
dissolved oxygen in groundwater (Ref. 96). A study of the Menomonee River 
Basin concluded, "Urbanization is speculated to have caused a significant 
change in the hydrochemistry of the glacial aquifer as compared to the 
regional average for eastern Wisconsin. Dissolved solids increased as much 
as 100 percent with chloride and sulfate increasing by as much as 900 
percent and 200 percent, respectively." (Ref. 88, p. 2-ii). Road-salt 
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runoff, industrial activities, and landfills were the major suspected 
contaminant sources. 
Suburban residential and commercial areas can also contribute signifi-
cantly to groundwater degradation. Studies have shown measurable changes 
in surface-water and groundwater quality due to development (Ref. 73). One 
such study was able to relate housing density to increases in TDS in the 
base flow of streams, such that TDS increased about 10-15 mg/L per 100 
houses per square mile (Ref. 63). It has been reported that "The potential 
for groundwater contamination in suburban areas, from the heavy use of 
fertilizers and pesticides by individual home owners, may be considerably 
greater than in farmed areas." (Ref. 63, p. 3). Another study labeled this 
activity "a genuine problem." (Ref. 74, p.1). 
In industrial areas, the types of industry determine the type and 
volume of potential pollutants handled. Active and abandoned industrial 
sites may be significant potential pollutant sources. A 1973 USEPA report 
states flatly that, "Even in the absence of specific field evidence, 
general consideration of hydrogeology and climate make it logical to assume 
that groundwater quality beneath most industrial and urbanized areas is 
being gradually degraded by spills of various types of liquids on the land 
surface. However, few investigations have been undertaken to determine the 
scope of this problem so that little is known regarding the areal extent or 
severity of such pollution. Chemical analysis of well waters that might 
reveal such problems are made too infrequently." (Ref. 68, pp. 5-22). Some 
existing industrial sites which handle potentially hazardous (as defined by 
RCRA) materials are presented later in the text under Hazardous Waste 
Activities. It is important to note that the majority of abandoned and 
active industrial sites in the Sangamon River Basin are not identified in 
this report. 
Septic Tanks 
In unsewered areas, individual septic tank systems are used for house-
hold sewage disposal. To function properly, the septic tank and leach 
field must be installed in soil that will drain at the proper rate. If a 
septic tank disposal system is incorrectly maintained or if leach fields 
are installed too close to each other or to wells, failure can occur with 
raw or partially treated sewage entering the leach field and reaching the. 
groundwater. Generally, this is a localized problem, but serious illness 
can result if contaminated groundwater is ingested. The amount of waste-
water discharged to groundwater from domestic septic tanks has been esti-
mated to range from 40 gpd/person to 80 gpd/person (Ref. 63, p. 164). This 
discharge can amount to large volumes in high-density areas and can be a 
significant source of recharge to shallow aquifers (Ref. 69, p. 194). 
Synthetic organic solvents used as septic tank degreasers such as 
trichloroethylene (TCE) frequently contaminate groundwater (Refs. 68, 77). 
A mere gallon of TCE can contaminate over 14 million gallons of groundwater 
to a level of 100 parts per billion (Ref. 78). Viruses may also pose a 
problem (Ref. 78). Septic tanks which receive water softener regeneration 
brines can be a significant source of chloride in groundwater, discharging 
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Suburban sprawl near Decatur - Suburban areas can contribute significantly 
to groundwater pollution through septic tank effluent discharges and the 
overapplication of lawn and garden chemicals. 
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an estimated 2000 pounds of salt annually per house (Ref. 63, p. 174). In 
1974, septic tanks were considered the most significant source of ground-
water contamination in the northeastern United States (Ref. 63). 
Figure 25 illustrates the density and total number of domestic septic 
tanks in each political township in the Sangamon Basin (Ref. 76). The 
average density ranges from 85 per township (less than two and one-half per 
square mile) to over 2000 per township (about 55 per square mile). Although 
these densities are not necessarily great enough to cause individual system 
failures, the greater the density of septic systems in an area, the more 
likely such systems are to significantly affect groundwater quality in the 
vicinity (Ref. 69, p. 192). According to a 1977 USEPA report to Congress, 
septic tank density greater than 40/sq mi "designates a region of potential 
contamination problems." (Ref. 69, p. 194). A fairly large area surround-
ing Decatur (Macon County) and a much smaller area near Bloomington-Normal 
(McLean County) were found to have septic tank densities exceeding 40/sq mi 
and are considered potential problem areas. The most likely contaminants 
are high concentrations of nitrate, total dissolved solids, chloride, 
bacteria and viruses, and TCE. 
Road-Salt Stockpiles 
The threat to groundwater and surface-water quality from road-salt 
storage and application is well documented (Refs. 81, 82, 83, 84, 85, 86). 
For example, in New Hampshire, prior to 1965, 200 roadside wells had to be 
replaced due to salt contamination (Ref. 83). In addition to the water . 
quality problem, the contamination of groundwater in New Hampshire by road-
salt storage and application was accompanied by severe corrosion of the 
screens and casings of 37 wells that had to be replaced as a result 
(Ref. 83). In Illinois, the City of Peoria experienced serious salt con-
tamination of some of its shallow sand and gravel wells due to leaching 
from a salt storage facility combined with highway runoff percolating from 
the sewer system (Ref. 86). In fact, the increasing trends in the chloride 
and sodium content of groundwater withdrawn by 10 public water supply well 
fields in the basin (see Table 3) may be related to road-salt storage and 
application practices in the vicinity of the wells. 
Chloride contamination from road-salt storage and application has 
reportedly penetrated to depths of over 100 feet and to depths of almost 
400 feet in a few wells (Ref. 69). Road salt as a potential pollutant can 
be controlled by proper storage, management, and application of deicing 
compounds (Ref. 79). Alternative deicing compounds are being studied 
(Ref. 87), but the difficulty in quantifying the costs due to environmental 
damage from the use of sodium chloride makes the alternatives appear to be 
much more costly. 
It should be noted that covered salt-storage facilities merely reduce 
the amount of salt available for leaching unless the loading/unloading of 
the distribution vehicles also takes place within a covered area. Where 
loading/unloading are done in an uncovered area, say at the entrance to a 
salt bin, an "apron" of spilled road salt_will form near the (paved or 
unpaved) entrance to the facility and can be a significant source of 
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groundwater contamination. This phenomenon has occurred in the case of the 
Champaign County well described in the "Aquifer Susceptibility" section as 
an example of a relatively deep (170 ft) drift well polluted by a surficial 
contaminant source. 
Figure 26 shows the locations of known road-salt storage facilities in 
the Sangamon River Basin. This information was obtained in a telephone 
survey of major public agencies in the basin which deal with road salting. 
In a typical winter season, an estimated 42,300 tons of sodium chloride are 
spread on the highways and city streets in the basin. Road-salt storage 
facilities are widely scattered in the Sangamon River Basin. As might be 
expected, they are most often located near major metropolitan areas, espe-
cially Springfield, Decatur, Bloomington-Normal, Petersburg, and Clinton. 
A comparison of the locations of stockpiles to the median chloride content 
of drift wells greater than 50 feet deep for the period 1970-78 (Figure 27) 
reveals that several are located in areas of high chloride. 
Transportation Corridors 
Transportation corridors such as major highways (see Figure 26) and 
railroads (see Figure 28) are potential sites of groundwater or surface-
water contamination each time they carry a truck or train hauling potential 
pollutants either as waste materials or as finished products. In spite of 
handling precautions, there is always the danger of spills due to acci-
dents, derailments, faulty equipment, or human error. In fact, a 1979 
publication by the Illinois Emergency Services and Disaster Agency (IESDA) 
pointed out that "Illinois has far more rail accidents than any other 
state." In addition, "over half of all hazardous materials incidents 
reported to IESDA in the first seven months of 1979 involved transportation 
of one sort or another." (Ref. 91, p. 127). A common procedure for dealing 
with a contaminant spilled during transport is to wash down the area using 
fire fighting equipment. This can aggravate the potential groundwater 
pollution problem by accelerating the contaminant's movement into the 
subsurface (Ref. 69, p. 421). 
Aside from the potential for spills, highways are also major sources 
of chloride and sodium loading due to the yearly application of thousands 
of tons of deicing compounds, particularly sodium chloride. In addition to 
sodium and chloride, highway runoff may contain hydrocarbons and heavy 
metals emitted from vehicles, as well as herbicides sometimes used along 
roadways for weed control (Ref. 81). 
Pipelines 
Leaks from buried oil and refined product pipelines are often not 
detected until serious groundwater contamination has occurred and the 
substance is found to be affecting the quality of a nearby drinking water 
supply. According to a recent USEPA study, "Leakage of petroleum and 
petroleum products from underground pipelines and tanks may be much more 
pervasive than is generally realized. In Maryland, where standardized 
investigative procedures have been adopted, some 60 instances of ground-
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Road-salt stockpile (Sangamon County) - Note the "apron" effect whereby 
spillage from the loading and unloading of road-salt creates a much larger 
exposed area for the leaching of chloride and sodium into groundwater. An 
estimated 42,300 tons of road salt is spread on the basin's highways 
annually. 
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water pollution were reported in a single year from gasoline stations." 
(Ref. 68, p. 3-6). According to the report, the most common causes of 
pipeline leaks were corrosion, accidental ruptures, and defective materials 
or workmanship. 
The greatest density of crude oil, natural gas, and refined petroleum 
products pipelines is found in the eastern areas of the basin (see 
Figure 29). Because of the potential for undetected leakage, these 
features are of special interest where they cross aquifers of moderate or 
high susceptibility to contamination (see "Aquifer Susceptibility"). 
Landfills, Dumps, and Other Waste Facilities 
Abandoned, active, and proposed waste burial sites and dumps have 
recently received a great deal of attention nationally and within Illinois 
as numerous instances of groundwater and surface-water pollution are re-
ported. It has been stated that, "While the most common economic damage 
resulting from [landfill] leachate is the contamination of domestic, indus-
trial, and public supply wells, there are numerous cases where leachate has 
directly contaminated surface waters. In confined, slow moving, or rela-
tively low-volume surface waters, leachate has killed vegetation and fish, 
wiped out spawning areas, and ruled out the use of existing and planned 
recreational areas." (Ref. 69, p. 152). 
According to Illinois EPA records (Ref. 89), there are at least 285 
known waste facilities in the Sangamon River Basin. The approximate 
locations of these sites are illustrated in Figure 30. Facilities included 
are: active and inactive landfills; random dumps, some of which have been 
cleaned up or covered; waste storage or transfer stations; other types of 
specialized waste facilities; and several of unreported status. 
Just under half of all reported facilities in the basin cover one acre 
or less in area. Eight sites cover more than 100 acres, with the largest 
reportedly covering 1000 acres. No attempt has been made to separate these 
facilities according to the type of waste handled, since older facilities 
accepting "general" or "demolition" wastes probably received potentially 
toxic or hazardous substances prior to legislation requiring special 
permits for these wastes. 
Over 60 percent of all waste facilities in the basin are inactive 
landfills. About 65 percent of these have a final cover in place, while 
the remaining 35 percent are currently uncovered. The operation of many 
landfills allows large quantities of precipitation to enter the waste cells 
prior to placement of the final cover. There are about 33 operating land-
fills in the basin, representing slightly more than 10 percent of all waste 
facilities. Fifty-one random dumps were inventoried in the basin, of which 
30 have been closed and covered. The basin has seven reported waste stor-
age facilities, three transfer stations, and two facilities devoted to 
recycling and reclamation of waste materials. Eleven reported sites were 
of an unspecified nature. Of the 285 known waste facilities in the 
Sangamon River Basin, only 27 have groundwater monitoring wells associated 
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Operating landfill near the Sangamon River (Macon-Sangamon Counties) -
Pollution sources located in or near areas of groundwater discharge are 
likely to have a lesser overall impact on regional groundwater resources 
but a potentially greater impact on the quality of nearby surface waters. 
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with them, and 15 of the 27 have only one well used to determine the effect 
of the facility on groundwater in the vicinity. 
The majority of the known waste facilities are found near the larger 
population and industrial centers. The possibility exists that there are 
many more waste dumping sites, perhaps long abandoned, for which no records 
exist and which are virtually impossible to locate. 
Hazardous Waste (RCRA) Activities 
In 1976, Congress passed the Resource Conservation and Recovery Act 
(RCRA), PL-94-580, which is intended to provide comprehensive management 
of hazardous materials. In late 1980, businesses handling hazardous mate-
rials were required under Section 3010 to notify the USEPA concerning the 
nature of their operations. Information on hazardous waste activities 
received by the USEPA between May 19, 1980 and November 19, 1980 was 
published for each of EPA's 10 regions (Ref. 90). 
Figure 30 shows the locations and general types of "RCRA notifiers" in 
the Sangamon Basin. There are probably other RCRA sites in the basin, but 
the data on these were not available for this study. Many on-site disposal 
sites may not be shown, although as much as 80 percent of Illinois' hazard-
ous wastes are disposed of on-site (Ref. 91). Under RCRA, groundwater 
monitoring to detect contamination will be required at all hazardous waste 
treatment, storage, and disposal facilities. There are currently no waste 
disposal facilities in the Sangamon River Basin that are permitted to 
accept "hazardous" wastes as defined by RCRA, nor are there any hazardous 
waste injection wells in the basin (M. Nienkerk, IEPA, 1982, personal 
communication). 
Surface Impoundments 
Surface impoundments can be a major source of pollutants in ground-
water depending on their environment, size, construction (lined or un-
lined), location, and content. It was reported in 1977 that nationally, 
"this source of contamination is one of the most frequently reported, in 
spite of the almost complete lack of groundwater monitoring." (Ref. 69, 
p. 108). They are often designed for temporary storage, dewatering, 
settling, treatment, or disposal of liquid wastes from municipal, indus-
trial, and agricultural sources. Some impoundments are designed as perco-
lation basins, while others may be lined with low-permeability materials to 
minimize infiltration. Liners, whether constructed of clay or synthetic 
materials, are subject to failure from the damaging effects of chemicals, 
ozone, ultraviolet radiation, soil bacteria, mold, fungus, plants, weather-
ing, and equipment (Ref. 95). 
As a recent incident which occurred in the study basin indicates, the 
failure of containment dikes can have disastrous effects on surface-water 
resources (Ref. 97), even when the wastes are not considered "hazardous." 
In July, 1982, an agricultural impoundment failed in northeastern Piatt 
County killing all aquatic life along several miles of Salt Creek. Aban-
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Municipal wastewater treatment plant (Sangamon County) - Although waste-
water treatment plants are designed to prevent pollution of surface waters, 
the unlined surface impoundments, sludge drying pits, and buried wastewater 
pipelines associated with wastewater treatment facilities may be signifi-
cant sources of groundwater quality degradation. Industrial and agricul-
tural surface impoundments may present an even greater danger depending on 
their contents and other factors. 
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doned impoundments can continue to leach pollutants into underlying ground-
water systems for many years unless they are excavated and/or closed to 
reduce the generation of leachate. 
The approximate locations and types of known abandoned and active 
surface impoundments in the Sangamon Basin as recently inventoried by the 
Illinois EPA are shown on Figure 31 (Ref. 2). Industrial impoundments 
include those used for treatment, storage, and processing of liquid waste 
in the manufacturing and service industries. The municipal category 
includes impoundments related to sewage and water treatment plants, as well 
as those associated with other public facilities. Mining impoundments are 
primarily slurry ponds and settling ponds. Agricultural impoundments are 
generally associated with feedlots. Oil and gas impoundments are related 
to brine storage and disposal. Municipal, industrial, and agricultural 
impoundments in the Sangamon Basin are widely scattered but appear to be 
most dense near major population and industrial centers. Most oil and gas 
impoundments are located in the triangular Springfield-Decatur-Taylorville 
region in the south end of the basin. 
As part of the IEPA's surface impoundments assessment, the groundwater 
pollution potential was rated for each site. Numerical ratings for thick-
ness and nature of the material in the unsaturated zone, groundwater avail-
ability, ambient groundwater quality, and relative hazard of the impounded 
waste were combined to determine a rating for each site. The results of 
this rating scheme indicated that a majority of impoundments in Illinois 
have moderate groundwater pollution potential. It is interesting to note 
that only 11 sites (2.4 percent of the total) in Illinois have groundwater 
monitoring data, yet groundwater degradation has occurred at all 11 sites 
(Ref. 94). 
Injection Hells 
Apparently, there are no hazardous (RCRA) waste injection wells used 
for disposal in the Sangamon River Basin. Wells which are used in oil and 
gas fields for injecting water or brine are permitted by the Illinois 
Department of Mines and Minerals, Division of Oil and Gas. These wells can 
create potential groundwater pollution problems if they are corroded or 
improperly located, designed, constructed, operated, or abandoned (Ref. 
69). There is always the possibility that natural fractures or faults may 
exist or form in the confining beds which separate the disposal aquifer 
from overlying aquifers, resulting in the migration of waste fluids into 
usable aquifers. Injection wells can also cause groundwater pollution by 
vertical migration of the wastewater through nearby improperly plugged deep 
wells (Ref. 69, p. 366). 
Figure 32 shows the location of injection wells in the Sangamon River 
Basin based on an inventory and preliminary assessment conducted recently 
by the IEPA (Ref. 99). No pollution of usable aquifers (those with less 
than 10,000 mg/L TDS) by injection of wastes has been reported in Illinois. 
However, the possibility of failure of an injection well seal, or improper 
plugging of an abandoned injection well or test hole must be considered 
when developing groundwater management and protection programs. Stricter 
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regulation of surface impoundments containing oil field wastes may result 
in an increase in the number of new injection wells. 
Oil and Gas Resource Development 
The distribution by township of known active and abandoned oil and gas 
industry wells is shown on Figure 32 (Ref. 102). It has been estimated 
that over 100,000 oil and gas test holes have been drilled within the coal-
bearing areas of Illinois alone (Ref. 105. p. 28). These wells usually 
penetrate usable aquifers to reach the oil- and gas-bearing bedrock units 
below. Test holes or production wells, which are poorly constructed or 
improperly abandoned, can serve as conduits for the movement of poor-
quality groundwater from one water-yielding zone to another, resulting in 
contamination (Ref. 69). 
Presently, there are requirements for sealing-off fresh-water zones 
encountered in oil and gas wells, but wells drilled and abandoned prior to 
these regulations are significant potential sources of groundwater quality 
degradation. The existence of many such wells may, in fact, be unrecorded. 
A USEPA report states that nationally "A particular danger to usable 
groundwater is posed by the hundreds of thousands of oil and gas wells that 
were drilled in the late 1800's and early 1900's and abandoned with inade-
quate plugging." (Ref. 68, pp. 2-34). Furthermore, it is stated that 
abandoned oil and gas wells which may be discharging saline water represent 
a more serious threat to groundwater quality than brine injection wells at 
active sites (Ref. 69, p. 294). 
Coal Resource Development 
Illinois ranks first among all Eastern states in recoverable bitumi-
nous coal reserves, with nearly twice as large a reserve as the next 
closest state (West Virginia). Yet as of January 1976, Illinois ranked 
only fourth in total production (Ref. 107, p. 34). It has been estimated 
that the amount of coal mined in Illinois prior to 1975 represents only 
about 5.2 percent of known reserves (Ref. 105, p. 1). Based on these data 
and the world energy situation, it is clear that coal mining in Illinois 
will undoubtedly increase substantially in the future. 
Groundwater contamination problems associated with coal mining opera-
tions usually are caused by leaching of the spoils and process wastes such 
as gob and slurry. Leachate from mine spoils is often acidic and highly 
mineralized (Ref. 69, p. 322; 106). Reference 107 (pp. 129-131) describes 
groundwater quality degradation which occurred at several mine sites in 
Illinois. Wells in mine spoils showed elevated levels of sodium, potas-
sium, calcium, iron, magnesium, lead, manganese, nickel, chromium, cadmium, 
zinc, nitrogen, chloride, sulfate, and alkalinity. 
In the same report, it is stated that "Changes in stream flow and 
recharge potential are the major alterations in the water balance attribut-
able to coal mining in the [Eastern Interior Coal] region. Stream base 
flow in mined basins is much greater than that in unmined basins. An 
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adverse effect of the increased stream base flow is the degradation of 
stream-water quality as mineralized groundwater from spoil discharges to 
surface water." (p. 131). 
Mine dewatering changes local groundwater hydraulic conditions and can 
induce flow from poor-quality aquifers into better-quality aquifers. In 
addition, usable aquifers can be temporarily dried up by the lowered water 
levels. "Once underground or surface-mining operations have been com-
pleted, changes in groundwater quantity usually develop. The changes 
result from the alteration of groundwater recharge conditions and aquifer 
characteristics. Natural aquifers destroyed by surface mining usually are 
replaced by mine spoils, which then become aquifers. In most situations, 
mine spoil aquifers transmit groundwater at least as readily as strata 
replaced, thus acting more as conduits than as barriers to groundwater 
flow. Impacts of the increased transmission of water are expected to be 
beneficial, except where groundwater of undesirable quality is generated." 
(Ref. 107, p. 3). Abandoned mines may be a bigger problem than active 
mines (Ref. 69, p. 425). Underground mined-out areas may provide conduits 
for the migration of contaminants to usable aquifers, especially if the 
abandoned mine has been used for waste disposal, as has occurred often in 
the past (Ref. 107, p. 7). Treatment, storage, and disposal of coal mining 
process water in surface impoundments can also generate potential pollu-
tants. 
Figure 33 shows the location of abandoned and existing coal mines as 
well as areas of recoverable coal reserves in the Sangamon River Basin. 
Most are located in the south end of the basin near Springfield. The 
potential effects of coal mining on groundwater quantity and quality should 
be considered in the development of any remaining coal reserves shown. 
Iron, sulfate, and low pH are the most likely contaminants (Ref. 69, 
p. 425). As recommended in a USEPA report, "The long-term movement of 
contaminated spoil water in regional groundwater flow systems should be 
evaluated on a site-by-site basis, and predictions about the eventual 
influence of seepage into surface waters should be developed." (Ref. 107, 
p. 6). 
Potential Sources of Groundwater Contamination Not Addressed in This Study 
There are numerous potential sources and pathways of groundwater 
pollution whose locations are unknown or that are not amenable to mapping 
in a large-scale summary of this type. Possibly the most important of 
these are storage tanks for gasoline, diesel fuel, fuel oil, industrial 
chemicals, and agricultural chemicals. As an example of the potential 
significance of these facilities, a Michigan Department of Natural 
Resources inventory found 897 sites of known or suspected groundwater 
contamination. Of these sites, 20 percent were related to the leakage of 
gasoline and petroleum products, and another 13 percent were unknown but 
appeared to be caused by gasoline (Ref. 108). 
Twenty-two percent of the contaminated sites in Michigan were related 
to heavy industry (Ref. 108), which is a potential source not directly 
addressed in this study but mentioned briefly under General Land Use. It 
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would be most difficult and time consuming to locate and map each indus-
trial site in the 5500-square-mile Sangamon River Basin. However, given 
the prevalence of on-site storage and disposal of industrial products and 
wastes, industrial sites are likely to be significant factors in the 
degradation of groundwater quality. 
Improperly abandoned water wells, especially those older wells for 
which there are no records, can provide pathways for the movement of 
contaminated surface water or groundwater into usable aquifers. The many 
wells built and abandoned before permits were required are especially prone 
to groundwater quality degradation (Ref. 71). Although not specifically 
addressing the Sangamon Basin, the authors of a USEPA report very accu-
rately described the conditions in the basin and the potential for harm 
when they stated, "Abandoned and poorly constructed water wells can serve 
as a means for transmission of pollutants from one aquifer to another, or 
from land surface to an aquifer. This problem is most severe in areas 
underlain by formations containing naturally occurring saline water, in 
highly industrialized areas where spills and uncontrolled surface dis-
charges of pollutants are common, and in rural areas where there is a high 
incidence of shallow, dug wells." (Ref. 63, p.3). 
Also not addressed directly are: wastewater treatment plants; waste-
water sewer lines which often leak and can pollute shallow groundwater and 
wells (Ref. 69); junkyards; sites where spray irrigation or land applica-
tion of wastes is practiced; and cemeteries. Although each of these poten-
tial sources of groundwater contamination may be locally significant, many 
are difficult or impossible to include in a study of this scale. Site-
specific or smaller-scale studies should consider including these features 
when conducting an inventory of potential groundwater pollution sources. 
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SECTION 8 
DISCUSSION 
Research has shown, and this study has demonstrated, that groundwater 
can be the most important nonpoint source of input to humid-region streams. 
For almost all Illinois watersheds, it can be said that today's groundwater 
is tomorrow's streamflow. Although the physical continuity of groundwater 
and surface-water bodies has long been recognized in the scientific 
community, this knowledge historically has not been incorporated into state 
and federal water resource management plans. 
A 1974 USEPA-sponsored report states, "One particular aspect of 
groundwater contamination often overlooked is the close relationship 
between groundwater and surface water quality in the humid east. Most 
programs directed toward clean streams neglect to take into account the 
fact that groundwater discharge represents a major portion of flow in 
rivers [in humid regions], and that during dry times of the year streamflow, 
is often 100 percent groundwater discharge. Since the baseflow (low flow) 
of most streams is groundwater, and stream quality criteria is based on low 
flow quantities and quality, it is essential to maintain the quality of 
groundwater to protect surface water. 
"Great effort is being directed toward improving the quality of 
surface water by seeking out sources of pollution discharging directly into 
streams and by requiring treatment or some other means for upgrading waste-
water quality. Few investigations include an evaluation of the quality of 
groundwater entering a particular stream, or an inventory of potential 
sources of groundwater contamination that are already or might ultimately 
discharge into a surface water body." (Ref. 63, p. 139). 
More recently, however, water resource management agencies have 
realized that for water management policies to be effective and reasonable 
it is essential that they consider the intimate relationship between 
subsurface and surface water. It is the intent of this section to discuss 
and demonstrate the application of the available technical information 
summarized in this report to the formulation of water resource management 
policies and programs. 
Because of groundwater's importance for direct uses and its eventual 
manifestation as base flow, prevention of further groundwater contamina-
tion, especially in important water supply areas, is a necessary step in 
the preservation of both surface and subsurface water for beneficial uses. 
This may be accomplished by the promulgation and enforcement of rules and 
regulations governing activities which have the potential for adversely 
affecting groundwater. Groundwater pollution prevention and control 
measures range from simple changes in landfill or road-salt storage-bin 
designs to strict land use controls in sensitive or critical water supply 
areas. There are many publications available describing these measures. 
Yet, the preventative approach does not adequately address the myriad 
contaminant sources already in existence, including many whose existence 
may be unrecorded and unknown to environmental authorities. 
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Thus, groundwater monitoring systems are necessary in order to detect 
contamination in its early stages so that remedial actions can be planned 
and implemented to minimize the associated damages. Early detection can 
provide valuable lead-time for calculating the arrival time of the contami-
nant at downgradient discharge points (i.e., wells and streams), estimating 
its concentration upon arrival at the point of discharge, and predicting 
the potential effects on the receiving system. 
It is clear that reliable technical information is the basis for 
decisions made at virtually all levels of water resource management. 
However, the benign neglect with which past policies considered groundwater 
has resulted in a marginally adequate data base with respect to present-day 
groundwater quality in the study basin and in many other areas of the 
state. We find, it extremely difficult, if not impossible, to assess the 
effects, if any, of past activities on groundwater in the basin from the 
available data. Well-planned data collection efforts designed to fill this 
critical "information gap" are of the utmost importance to better water 
resource management decisions. 
In order to be efficient and effective, groundwater monitoring 
networks must be designed to satisfy clearly stated objectives. In par-
ticular, there is a need to determine present-day groundwater conditions in 
the major aquifers in the Sangamon Basin. This is a short-term objective 
designed to: locate areas where regional contamination already exists; 
locate areas of currently acceptable water quality and quantity; and define 
baseline conditions as a standard against which adverse changes can be 
compared. This information will be helpful in determining the existing 
threat to current water supplies and in making decisions regarding future 
water supply development. In the long-term, routine surveillance monitor-
ing is needed to provide early warning of resource degradation and to 
evaluate the effectiveness of pollution control measures. 
The Sangamon River Basin contains a land area greater than three of 
the northeast states. Because of its large size and the limited financial 
resources available for environmental management programs, there is a need 
to set priorities for the design and implementation of the needed data 
collection programs. The concept of priority-setting applies equally to 
statewide, regional, and local management programs, although the specific 
objectives of each type of program may differ. The information summarized 
in this report is intended for use on the regional scale and is generally 
not appropriate for the development of management plans at other levels. 
The following is an example of the utilization of the available 
information for determining regional priority areas for the collection of 
groundwater data in the Sangamon Basin Region that, in effect, locates 
potential "hot spots" where the public is most likely to experience the 
greatest adverse effects from groundwater pollution.. Once regional high-
priority areas are delineated, the next step in the process is to design a 
detailed management plan and data collection program tailored to the unique 
conditions of each potential "problem" area. 
In this example, the following objectives are assumed: (a) to protect 
public health and current water users; (b) to preserve future drinking 
82 
water supplies; and, (c) to provide the "greatest good for the greatest 
number." Priorities are to be set based on township values for the follow-
ing criteria: (a) current (1980) water withdrawal and degree of water 
resource development; (b) future water supply potential (based on estimated 
potential yield of the water source); (c) number of potential sources of 
groundwater pollution; and, later in the example; (d) evidence of current 
groundwater quality degradation (based on analysis of available data such 
as the public water supply trend analysis summarized in Table 4); and; 
(e) shallow- (less than 50 feet deep) aquifer susceptibility to contamina-
tion from certain near-surface sources. The objectives, criteria, and 
suggested priority assignments are summarized in Table 6. 
Before prioritization can proceed, certain definitions must be 
established. For purposes of this example, areas with the "greatest" 1980 
water use are defined as those townships withdrawing at least 0.5 mgd from 
groundwater sources (from Figure 15). The three drainage basins supplying 
the existing water-supply reservoirs in the Sangamon Basin, those townships 
containing at least 500 private water systems (from Figure 14), and town-
ships containing a relatively dense concentration of public water supply 
wells (from Figure 13) are considered areas of "high" water-resource 
development. Areas of "high" potential for future water supply development 
include major sand and gravel aquifers potentially capable of yielding at 
least 100,000 gpd/sq mi (from Figure 11) and the eight surface water sub-
basins with a long-term potential yield of at least 5 mgd (see Figures 1 
and 12). 
The next step in the process of priority-setting involves comparing 
the areas of "high" current water use/development and "high" potential use/ 
development with the distribution of potential sources of contamination to 
determine where these factors coincide (or overlap). This procedure is 
greatly facilitated by the use of transparent overlays. The first trans-
parency, made from Figure 15, delineates the areas of greatest (i.e., at 
least 0.5 mgd per township)- groundwater use. On another, areas of greatest 
water resource development are depicted, revealing current surface water 
supply sub-basins, townships containing at least 500 private water systems 
(from Figure 14), and locations of public water supply wells (from 
Figure 13). Areas of highest (i.e., at least 100,000 gpd/sq mi) potential 
groundwater yield (from Figure 11) are outlined on another transparent base 
map. For clarity, the eight surface water catchments with the highest 
(i.e., at least 5 mgd) potential reservoir yields (see Table 2) can be 
traced on a separate transparent map, but it is possible to combine this 
information on the same map with areas of high potential groundwater 
yield. 
Potential pollution-source information can be consolidated into three 
basic data types and combined on a single color- or symbol-coded trans-
parency to simplify comparison with the current water use and potential-
yield data. "Point" data consist of solid waste facilities (from Figure 
30), surface impoundments (from Figure 31), and road-salt storage facili-
ties (from Figure 26). "Line" data include highways (from Figure 26), 
railways (from Figure 28), and pipelines (from Figure 29). "Area"-source 
data include areas where septic tank densities exceed 40 per square mile 
(from Figure 25), locations of active and abandoned coal mines (from 
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Table 6. Example of Setting Priorities for Groundwater 
Monitoring in the Sangamon River Basin 
Suggested Objectives 
-Protect Public Health 
-Preserve Future Water Supplies 
-Greatest Good for the Greatest Number 
Suggested Criteria 
-Current (1980) Use and Resource Development 
-Potential Future Use (Potential Yield) 
-Number and Type of Potential Sources of Pollution 
-(Suspected Degradation)* 
-(Aquifer Susceptibility)* 
Suggested Priorities** 
** 4, highest; 3, medium-high; 2, low-medium; 1, lowest 
* Suspected degradation and shallow-aquifer susceptibility to contami-
nation from certain source-types may be used later to increase priority 
rating in "borderline" situations 
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Figure 33), and townships containing at least 100 abandoned oil and gas 
wells and test borings, injection wells, or production wells for oil and 
gas resource development (from Figure 32). 
By using the appropriate transparencies, the distribution of the 
various potential contaminant sources with respect to areas of greatest 
current or potential water use/development can be determined. For example, 
all potential contaminant sources (point, line, and area) lying within 
townships of highest water use are traced onto a separate transparent base 
map. The highest-priority townships are to be selected from among the 
areas on this map. Potential contaminant sources coinciding with water-
sheds and aquifers of highest potential yield can likewise be marked on a 
separate transparent base map. 
Using the transparent overlay of Figure 1 (contained in the pocket 
attached to the back cover of this report) to define township boundaries, 
each township is "rated" relative to other townships in the basin according 
to the priorities outlined in Table 6. As shown in Table 6, highest 
priority is assigned to townships containing the greatest number of poten-
tial pollution sources and coinciding with areas of greatest water use or 
resource development in 1980. Townships having the greatest water use or 
development but containing fewer potential contaminant sources are assigned 
second-priority status. 
On the same preliminary priority-designation transparency, townships 
containing the greatest number of potential sources and overlapping with 
areas of highest potential for water supply development are rated. Those 
townships with high potential yield and a greater number of potential 
sources are assigned second priority. Also included in this category are 
other areas as shown in Table 6. Lower-priority townships are determined 
and mapped in similar fashion. Townships in the study basin with the 
lowest water supply potential containing the fewest number of potential 
sources are designated as the lowest priority for attention. 
Two other factors may be considered useful for determining potential 
problem areas with respect to groundwater management. These are "suspected 
groundwater degradation" and "shallow-aquifer susceptibility." Consider 
two townships of the same preliminary priority rating based on the three 
primary selection criteria discussed previously. If one of these townships 
contained shallow aquifers shown to be highly susceptible to contamination 
or if there exists some evidence indicating that groundwater quality in one 
of the townships is already deteriorating, obviously that township should 
be considered before the other township that is not known to be susceptible 
or thought to be affected by contamination. 
After preliminary priority designations are made according to the 
scheme presented in Table 6, those townships containing highly susceptible 
shallow aquifers or showing evidence of groundwater degradation are then 
"promoted" to the next highest priority category. This adjustment requires 
the creation of one new (ultra-high) priority rating to account for town-
ships of greatest 1980 water use/development containing a high density of 
potential contaminant sources and either exhibiting evidence of ground-
water quality degradation or containing highly susceptible shallow 
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aquifers. Shallow-aquifer susceptibility is determined from Figure 24. 
A township is suspected of groundwater quality degradation if it contains 
a public water supply well field that exhibits a trend in any of six 
parameters (listed in Table 4) or if it exhibits unusually high groundwater 
chloride levels as shown by Figure 27. 
The application of the available information to the determination of 
management and monitoring priorities (or potential problem areas) results 
in the priorities shown in Figure 34. There are 20 townships (about 12 
percent of the basin) suggested for first-priority consideration. Most are 
associated with the municipalities in the basin, as might be expected, 
since these areas are likely to contain the most potential contaminant 
sources and to have the greatest water use/development. There are 36 
second-priority townships comprising about 22 percent of the basin's area. 
These are townships with a relatively large number of potential contaminant 
sources which have a high potential yield or a moderate-high level of 
current water use/development. About 38 percent of the basin (62 town-
ships) is rated third priority, about 18 percent (29 townships) is rated 
fourth priority, and about 10 percent (17 townships) is designated at fifth 
(lowest) priority. 
These designations are subject to change as conditions warrant or as 
new information from groundwater data collection efforts becomes available. 
Further investigation also may discover potential contaminant sources not 
inventoried in this study. The consideration of additional source-types 
(e.g., bulk storage facilities or gasoline stations) could likewise alter 
the assignment of priorities. The foregoing exercise is meant only to 
illustrate the application of the information summarized herein for making 
management-related decisions. 
The example illustrates a simplified approach to the delineation of 
high-priority areas. However, there are many variations to this approach 
that could be employed. For example, weighting factors could be applied 
within and among the decision criteria to reflect an assigned significance. 
A large uncovered landfill in a township could be given more weight as a 
potential contaminant source than the fact that the area contains many 
highways or a great deal of oil and gas development. In a similar sense, 
current use for potable water supply may be considered of greater concern 
to managers than use for livestock or irrigation. In fact, the idea of 
factor weighting has been subjectively employed to arrive at the priorities 
suggested in the previous example. For example, current water uses are 
given more weight than the potential for future use. 
It is also possible to develop a numerical matrix-type rating system 
for ranking each area (i.e., township) such that the one with the highest 
"score" receives first attention. Such a system could be programmed for 
digital computer manipulation, allowing rapid updating of data and 
ratings. However, the additional time and effort required to develop a 
matrix-type weighting approach may not yield results superior to, or even 
different from, the simplified, quasi-objective approach illustrated in the 
foregoing example. Furthermore, it should be noted that subjectivity, in 
the form of professional judgment, inevitably enters into the decision-
making process as in the definition of the objectives and the assignment of 
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Figure 34. 
weighting factors within and among the criteria. It is also likely that 
various water management agencies will have widely differing concerns, 
requiring them to consider different criteria that may yield different 
results. 
The priorities suggested by the foregoing example are based on 
criteria defined relative to the study basin and are not necessarily valid 
when compared to other areas of the state. That is, the Decatur area may 
be the highest-priority area located within the Sangamon River Basin but 
may not be high-priority when compared to certain areas in northeastern 
Illinois or the American Bottoms in the southwest area of the state. This 
lack of comparability exemplifies the limitations of the basin-by-basin 
approach to water resource planning and management. In order to avoid this 
problem, it is necessary to evaluate the criteria for priority determina-
tion on a state-wide basis. 
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Operating landfill (Macon County) - Most of the potential sources of 
groundwater degradation inventoried are located near major urban/industrial 
centers, which are often areas of greatest water use. Ideally, significant 
water supply areas should not be used for waste disposal or other activi-
ties which may significantly degrade water quality. 
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SECTION 9 
CONCLUSIONS AND RECOMMENDATIONS 
1. On the basis of current use and potential yield, the most important 
regional groundwater supply aquifers in the Sangamon River Basin are 
sands and gravels found in the Mahomet (Taeys) Bedrock Valley, the 
Havana Lowland, and the alluvial deposits along major stream valleys. 
Although not immune to contamination from certain near-surface human 
activities, the deeper Mahomet Bedrock Valley aquifers are the least 
susceptible to contamination. On the basis of their geologic setting, 
the Havana Lowland aquifer and alluvial aquifers are highly suscep-
tible to contamination. 
The bedrock formations are not regionally important as aquifers 
because of their low-yielding capabilities and poor-quality water. 
They are not susceptible to contamination. In fact, they can act as 
natural contaminant sources if poor-quality water is allowed to 
migrate upward into the overlying drift aquifers through natural or 
artificial conduits. 
On the basis of current use and potential yield, the most important 
regional surface water supply watersheds are those currently supplying 
Lake Springfield, Lake Decatur, and Lake Taylorville. In addition, 
there are eight major potential reservoir sites, each capable of 
yielding over 5 mgd, with drainage areas ranging from 23 sq mi to 118 
sq mi. 
Regionally, potential water availability appears to exceed current 
water use by over 500 percent. However, water supply areas of highest 
potential yield do not necessarily coincide with areas of highest 
current water use (and probably future demand). 
2. The potential pollution sources and pathways summarized within this 
report are concentrated near the major urban/industrial areas in the 
basin. Many coincide with current or potentially major groundwater 
and surface-water supply areas. Presently, there are not adequate 
groundwater quality data available to determine if these potential 
contaminant sources are affecting water quality in the study basin. 
Well-planned data collection efforts are needed to fill this important 
information gap. The available information suggests that about 34 
percent of the basin's townships may be (first and second priority) 
potential groundwater quality "problem areas" relative to the rest of 
the basin. Initially, data collection efforts should be concentrated 
in these areas, where the relative likelihood of significant degrada-
tion and damage is greatest. 
Based on the general types of potential contaminant sources and 
pathways in the study basin, water quality parameters most likely to 
be affected include, but are not limited to: total dissolved solids 
(TDS), chloride, nitrate, sulfate, sodium, total organic carbon (TOC), 
synthetic organic compounds (TCE, priority pollutants, etc.), iron 
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(and other metals), chemical oxygen demand (COD), and hardness/ 
alkalinity. 
Widespread chloride and sulfate pollution, possibly from a variety of 
source-types, is suggested by long-term trends in more than 50 percent 
of the public-groundwater-supply historical quality data examined in 
this study. Detailed investigations are necessary to verify these 
preliminary findings and to determine the causes of these phenomena. 
Following these studies, remedial measures tailored to the conditions 
of each situation should be implemented. These measures should 
consider the fact that in some instances groundwater quality may 
remain degraded for several years due to the slow movement of ground-
water. 
3. Prevention and early detection of groundwater degradation should be 
among the basic goals of water resource management plans. In the 
future, the potential impact of proposed land uses on present or 
potential major water supply aquifers and watersheds should be con-
sidered before development proceeds. The advantage and disadvantages 
of such uses should be carefully weighed using the best available or 
economically obtainable technical information. 
Many of the established "solutions" to environmental problems unknow-
ingly convert a highly visible problem into a virtually invisible 
groundwater pollution problem. For example, wastewater treatment 
facilities are designed to prevent direct contamination of surface 
water by removing pollutants from the effluent discharged. In so 
doing, it is not unusual for wastewater to be stored or treated in 
unlined surface impoundments, the concentrated pollutants (in the form 
of sludge) dewatered in unlined pits, and the sludge disposed of by 
land application or burial. As a result, the point-source effluent 
discharged does no damage, but the pollutants "removed" may enter the 
shallow groundwater flow system, eventually entering the stream 
indirectly as base flow. Thus, efforts to integrate surface and 
subsurface water management may involve difficult decisions and a 
knowledge of such "trade-offs." 
Other pollution control measures are much easier to implement because 
they involve simple changes in current practices. For example, road-
salt storage, handling, and application procedures should be modified 
to minimize the amount of salt exposed to leaching by precipitation. 
Environmental emergency response procedures, such as the routine "wash 
down" of liquid spills, should be amended to mitigate the impact on 
groundwater as well as streams. Emergency response teams should 
include personnel with expertise in groundwater hydrology and quality. 
Borehole construction and abandonment methods used for subsurface 
information, water, oil, and gas exploration and development should 
not allow water of poor quality to degrade usable groundwater 
supplies. In critical water supply areas, groundwater monitoring 
efforts should include attempts to locate and remedy improperly 
abandoned boreholes and wells. 
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4. Watershed studies of this type are most useful for regional or local 
planning efforts. However, they do not adequately address the broader 
needs of state agencies that must be concerned with statewide priori-
ties. The criteria used to determine the townships in the study basin 
where the most significant water quality problems are likely to be 
occurring or to occur in the future are "rated" only in relation to 
other townships within the Sangamon Basin. Therefore, the priorities 
assigned are valid only regionally and are not necessarily comparable 
to the results of similar studies in other river basins. The lack of 
comparability is a major limitation of the usefulness of the basin-by-
basin approach to the development of statewide groundwater management 
strategies. 
5. Virtually all precipitation which infiltrates to recharge groundwater 
aquifers eventually discharges to wells, springs, streams, or lakes. 
Since groundwater generally travels much more slowly than surface 
water, it may travel for years or decades before reemerging in a 
discharge zone perhaps miles from its original point of recharge. 
Because groundwater may supply over 60 percent of annual streamflow, 
contamination of groundwater can result in contamination of streams 
and lakes as well as groundwater supply wells. The current lack of an 
effective statewide groundwater management program often causes con-
tamination to remain undetected until pollutants are found in samples 
from discharge zones. At this point, significant damage may have 
occurred and is likely to continue for years because of the slow rate 
of groundwater movement. There is an urgent need for the development 
of a comprehensive statewide groundwater quality protection and moni-
toring plan. 
The statewide approach to comprehensive planning and management would 
yield results superior to the stepwise consideration of large regions 
(e.g., watersheds). In order to make the most efficient use of the 
limited resources available for a statewide groundwater management 
program, it is necessary to assign the highest priorities to the areas 
of greatest concern. The primary goal of the future attempts to 
assign statewide groundwater management priorities should be the pro-
tection of public health. Secondary to this goal is the protection of 
current non-drinking uses and the preservation of potentially impor-
tant drinking water supplies for future use. Given these goals, the 
priority-setting process might be made more efficient by initially 
addressing only those areas of greatest current water resource 
development for human consumption and areas with the highest estimated 
potential yields of good-quality water. This approach would stream-
line the process by eliminating a great deal of the state's land area 
from first-priority consideration. 
Groundwater occurring outside of high use/yield areas may not be 
economical to develop for major drinking-water supplies. However, 
such water may play a major role in determining local stream quality. 
Where groundwater in these areas is polluted, efforts to protect the 
quality of stream water by controlling point-source discharges and 
non-point sources of surface runoff-may be compromised by the con-
tinual seepage of pollutants through the streambed in the form of 
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contaminated base flow. Thus, it seems clear that a comprehensive 
water management plan should seek to prevent groundwater degradation 
in all areas of the state. If some degradation of groundwater quality 
is inevitable, the goal of management plans should be to minimize the 
associated damages to human health, environmental systems, and eco-
nomic interests. Such an objective may lead to the placement of 
contaminant sources in areas which are already seriously degraded; in 
areas never to be used for water supply; and in natural groundwater 
discharge zones where the total volume of aquifer affected is small 
and where attenuation and dilution is sufficient to mitigate the 
effects on the receiving stream. 
6. Future research should be directed toward defining the impact of 
groundwater discharge on streams and lakes. Specifically, better 
methods for accurately quantifying groundwater and surface runoff 
inflow rates and chemical quality should be developed. It may be 
possible to develop an empirical relationship between groundwater 
elevation and stream base flow by correlating the elevation of the 
water table in a nearby "index" well with the discharge of the stream 
on days when the streamflow is derived entirely from base flow. The 
results of such a "groundwater stage-groundwater discharge" relation-
ship for a particular gaging station have been used in previous 
studies in other states to estimate the base flow during storm events. 
Samples collected from such a well may aid in estimating the effect of 
groundwater discharge on the water quality of local streams. 
With respect to the base flow separation results presented in this 
report, the "index well" analysis may be useful for verifying the 
validity and accuracy of base flow values derived from graphical 
hydrograph separation methods. The State Water Survey maintains three 
continuous water-table observation wells at widely separated points 
wihtin the Sangamon River Basin from which to choose such an "index" 
well. 
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explanatory. Maps (1:1,250,000); Figure 6 - probability of sand and 
gravel aquifers; Figure 7 - upper bedrock formations and aquifer 
characteristics. 
38. R. E. Bergstrom and A. J. Zeizel. 1957. Groundwater Geology in 
Western Illinois, South Part - A Preliminary Geologic Report. 
Circular 232, Illinois State Geological Survey, Champaign, Illinois. 
28 pp. 
Includes Cass and Morgan Counties. Title self-explantory. Maps 
(1:1,000,000) of bedrock and unconsolidated aquifers and their 
characteristics. 
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39. L. F. Skelregg and J. P. Kempton. 1958. Groundwater Geology in 
East-Central Illinois; A Preliminary Geologic Report. Circular 248, 
Illinois State Geological Survey, Champaign, Illinois. 36 pp. 
Covers almost the entire Sangamon River basin. Discusses groundwater 
occurrence, geology, aquifer distribution, and supply systems, and 
summarizes groundwater conditions by county. Maps (1:1,250,000); 
Figure 3 - bedrock valley axes and LaSalle anticlinal belt; Figure 6 -
probability of occurrence and nature of sand and gravel aquifers (3 
classes); Figure 7 - distribution and water- yielding character of 
upper bedrock formations (modified from 1945 geologic map of 
Illinois). (See Circulars 222, 232, & 235.) 
40. K. Cartwright and P. Kraatz. 1967. Hydrogeology at Shelbyville, 
Illinois - A Basis for Water Resources Planning. Environmental 
Geology Notes 15, Illinois State Geological Survey, Champaign, 
Illinois. 15 pp. 
Covers a small area at the southeast edge of the Sangamon Basin. 
Title self-explanatory. 
41. D. A. Stephenson. 1967. Hydrogeology of Glacial Deposits of the 
Mahomet Bedrock Valley in East-Central Illinois. Circular 409, 
Illinois State Geological Survey, Champaign, Illinois. 51 pp. 
Describes the three-dimensional configuration of hydrostratigraphic 
units in the drift (Wisconsinan, Illinoian, and pre-Illinoian). Maps 
show lithofacies for each 100-foot elevation interval (Figs. 11-15), 
Transmissivity values for geologic units based on specific capacity 
data and drift thickness (Fig. 10). 
42. D. C. Bond. 1972. Hydrodynamics in Deep Aquifers in the Illinois 
Basin. Circular 470, Illinois State Geological Survey, Champaign, 
Illinois. 51 pp. + appendices. 
Data on water levels, pressures, and water densities in deep aquifers 
in and around the Illinois (bedrock) Basin are presented and dis-
cussed. Some conclusions are presented concerning the effects of 
variations in water density (due mainly to salinity differences) in 
problems related to gas storage, oil accumulation, origin of brines, 
and underground waste disposal. 
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43. R. E. Bergstrom, K. Piskin, and L. R. Follmer. 1976. Geology for 
Planning in the Springfield-Decatur Region, Illinois. Circular 497, 
Illinois State Geological Survey, Champaign, Illinois. 76 pp. & 7 
plates. 
Covers Sangamon and Macon Counties. Includes detailed discussion of 
geology, potential water resources, and well data. Map of groundwater 
conditions (1:500,000; incomplete) - Figure 17. Geologic cross 
sections - Figure 18. Large plates in envelope (1:125,000): 1 -
surficial materials (soils), 2 - water resources (groundwater develop-
ment potential zones: existing, proposed and potential surface water 
reservoirs; gaging stations and sampling locations; wells in drift, 
bedrock and both - well data presented in appendix); 3 - drift thick-
ness (25 and 50 foot intervals, datum points, and bedrock exposures); 
4 - coal and oil resources (includes active and abandoned pits and 
quarries); 7 - conditions related to waste disposal (ratings based on 
near-surface geology; legend describes suitability for surface 
disposal and possible problems). 
44. H. B. Willman. 1973. Geology Along the Illinois Waterway - A Basis 
for Environmental Planning. Circular 478, Illinois State Geological 
Survey, Champaign, Illinois. 48 pp. & 7 plates. 
Only a small area of the basin (at the mouth of the Sangamon River) is 
included in this report. Describes geology and mineral resources 
(including groundwater) as they relate to land use planning. Surfi-
cial geology map (1:62,500); upland loess thickness map (1:400,000). 
45. J. A. Lineback. 1975. Illinois Geology from Space. Environmental 
Geology Notes 73, Illinois State Geological Survey, Champaign, 
Illinois. 36 pp. 
Discusses preparation of geologic sketch maps from SKYLAB and ERTS 
photos. Figures 9 & 11 show glacial features in study area. 
46. J. D. Treworgy. 1981. Structural features in Illinois - A Compendium. 
Circular 519, Illinois State Geological Survey, Champaign, Illinois, 
22 pp., 1 map. 
Lists named tectonic features in Illinois, and gives bibliographic 
data for the literature where they are referenced or described. Map 
(1:700,000) shows structural features across the state. 
47. D.S. Department of Agriculture Soil Conservation Service in coopera-
tion with Illinois Aricultural Experiment Station. 1980. Soil Survey 
of Sangamon County, Illinois. 139 pp. + maps. 
Discusses and tabulates ratings for: sanitary facilities (Table 11), 
physical and chemical properties of the soil (Table 15), soil and 
water features (Table 16 - includes depth to water). General soil map 
(1:253,440) shows six general soil groups. Map sheets (136 of them at 
a scale of 1:15,840) are orthophoto maps showing soil types and 
surficial features. 
102 
48. University of Illinois, College of Agriculture. 1967. Soils of 
Illinois. Bulletin 725, Agricultural Experiment Station, Champaign, 
Illinois. 47 pp. 
Describes soil types, distribution, and development for entire state. 
Maps (1:5,000,000) show soil parent materials, loess depths, and soil 
orders (Mollisol, Alfisol, Entisol, etc.). 
49. R. E. Hunter. 1966. Sand and Gravel Resources of Tazewell County, 
Illinois. Circular 399, Illinois State Geological Survey, Champaign, 
Illinois. 22 pp. & 1 plate. 
Contains description of distribution and types of sand and gravel 
deposits in Tazewell County. Map (1:62,500) categorizes areas of sand 
and gravel according to type and thickness. 
50. N. C. Hester and R. C. Anderson. 1969. Sand and Gravel Resources of 
Macon County, Illinois. Circular 446, Illinois Geological Survey, 
Champaign, Illinois. 16 pp. & 1 plate. 
Title self-explanatory. Includes map (1:60,000). 
51. N. C. Hester. 1970. Sand and Gravel Resources of Sangamon County, 
Illinois. Circular 452, Illinois State Geological Survey, Champaign, 
Illinois. 20 pp. & 1 plate. 
Title self-explanatory. Includes map (1:60,000). 
52. T. C. Labtoka and N. C. Hester. 1971. Sand and Gravel Resources of 
Mason County, Illinois. Circular 464, Illinois State Geological 
Survey, Champaign, Illinois. 18 pp. & 1 plate. 
Title self-explanatory. Includes map (1:60,000). 
53. U.S. Geological Survey. 1975. Hydrologic Unit Map - 1974, State of 
Illinois. Prepared in cooperation with the U.S. Water Resources 
Council. Reston, Virginia. 1 map. 
Shows surface water drainage basin and sub-basin boundaries on 
Illinois basemap (1:500,000). 
54. U.S. Geological Survey. 1972. Base Map of Illinois. 1 map. 
Shows county and township lines, towns, railroads, rivers and lakes. 
(1:500,000). 
55. L. Horberg. 1957. Bedrock Surface of Illinois. Reprinted from plate 
1, Bulletin 73. Illinois State Geological Survey, Urbana, Illinois. 
State bedrock surface topography and outcrop locations. 50-foot 
contour interval (1:500,000). 
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56. H. B. Willman and others. 1967. Geologic Map of Illinois. Illinois 
State Geological Survey. 1 map. 
Maps bedrock surface formations (1:500,000). Includes geologic 
columns and three cross sections. Color. 
57. H. B. Willman, E. Atherton, T. C. Buschbach, C. Collinson, J. C. Frye, 
M. E. Hopkins, J. A. Lineback, and J. S. Simon. 1975. Handbook of 
Illinois Stratigraphy. Bulletin 95, Illinois State Geological Survey, 
Champaign, Illinois. 261 pp. 
Each stratigraphic unit in Illinois is described in detail. An 
excellent basic reference handbook. 
58. K. Piskin, and R. E. Bergstrom. 1975. Glacial Drift in Illinois: 
Thickness and Character. Circular 490, Illinois State Geological 
Survey, Champaign, Illinois. 35 pp. & 2 plates. 
Description of glacial drift and method of compiling map (100-ft 
contour interval, also 50-ft contour; 1:500,000). Cross sections DD' 
and EE' (plate 2) are through study area. Figure 3 shows sources of 
data for thickness map. Some small maps in text (scale approximately 
1:3,500,000). 
59. S. E. Norris. 1962. Permeability of Glacial Till. U.S. Geological 
Survey. Geological Survey Research 1962, Article 224, pp. E150-151. 
Laboratory and aquifer test data show reasonably uniform till 
permeabilities in Ohio, Illinois and South Dakota. 
60. J. A. Lineback, 1979. Quaternary Deposits of Illinois. Illinois 
State Geological Survey, Urbana, Illinois. 1 map. 
Color map of Quaternary deposits. Contours show thickness of loess 
and inferred limit of glaciation (1:500,000). 
Pollution Potential 
61. R. C. Berg and K. Cartwright. 1982. Unpublished Manuscript and 
Preliminary Working Maps Showing Shallow Aquifer Susceptibility to 
Contamination From Surficial or Buried Wastes. Illinois State 
Geological Survey, Champaign, Illinois. 5 pp. & 2 maps. 
Maps four susceptibility categories (high, moderate-high, lowmoderate, 
and low) based on stack-unit maps of near-surface (less than 50 feet) 
geologic conditions (1:250,000). 
62A. U.S. Geological Survey. 1980. Land Use and Land Cover, 1978, Peoria, 
Illinois. Open file map 80-154-1, land use series, U.S. Geological 
Survey. 
Self-explanatory. Scale - 1:250,000. Nine categories with 
subcategories. Very detailed. 
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62B. U.S. Geological Survey. 1979. Land Use and Land Cover, Decatur, 
Illinois. Open file map 79-267-1, land use series. 
62C. U.S. Geological Survey. 1979. Land Use and Land Cover, Burlington, 
Iowa, Illinois, Missouri. Open file map 79-1550-1, land use series. 
63. D. W. Miller, F. A. DeLuca, and T. L. Tessier. 19741 Ground Water 
Contamination in the Northeast States. EPA-660/2-74-056, U.S. 
Environmental Protection Agency, Office of Research and Development, 
Washington, D.C. 325 pp. 
Results of an evaluation of principal sources of groundwater contami-
nation in 11 northeastern states to determine priorities for research 
into ways to improve existing control methods or to institute new 
corrective measures. Principal pollution sources common to the region 
are: septic tanks, buried tanks and pipelines (including storm and 
sanitary sewers), storage and application of highway deicing salts, 
landfills, surface impoundments, spills, uncontrolled discharge of 
pollutants on the land surface, mining, and petroleum exploration/ 
development. Contains case histories, glossary of terms (pp. 318-
323); recommendations for improvement of control measures and further 
research (pp. 301-314). 
64. S. B. Gelb and M. P. Anderson. 1981. Sources of Chloride and Sulfate 
in Groundwater Beneath an Urbanized Area in Southeastern Wisconsin. 
University of Wisconsin-Madison, Water Resources Center. 35 pp. 
Results of a study to assess the impacts of urbanization on ground-
water in the Menomonee River watershed. Sources of chloride include: 
water softener salts, road deicing salts, wastewater treatment 
effluents, septic tanks, and leaky sewer lines. Sources of sulfate 
could not be identified but were suspected to include landfill 
leachate and upward movement of groundwater from the underlying 
dolomite aquifer. 
65. U.S. Environmental Protection Agency. 1973. Methods for Identifying 
and Evaluating the Nature and Extent of Nonpoint Sources of Pollu-
tants. EPA-430/9-73-014, Office of Air and Water Programs. 261 pp. 
Discusses nonpoint source pollution from agriculture, silviculture, 
mining and construction. Primarily concerned with sediment 
generation. Some discussion of nutrients, pesticides, pathogens. 
Mine drainage discussed - salts and sulfuric acid (iron sulfides are 
associated with coal) - pp. 164. 
66. W. H. Walker. 1969. "Illinois Ground Water Pollution," Journal 
- -
American Water Works Association, v. 61, n. 1, pp. 31-40. 
Presents case histories. Describes aquifer contamination potential 
(pp. 32-33). Figure 2 - bedrock aquifer contamination potential map 
(1:3,000,000). 
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67. W. H. Walker. 1973. Illinois Groundwater Nitrate Pollution. Illinois 
State Water Survey, Champaign, Illinois. Prepared for Illinois 
Pollution Control Board Hearing on Livestock Waste Regulations at 
Urbana, Illinois on January 8, 1973. 13 pp. Unpublished. 
Gives examples of groundwater contamination from feed lots, septic 
tanks, fertilizer, privies. Describes nature of contaminant. 
(Importance of nitrate residual in soil). 
68. C. F. Meyer, ed. 1973. Polluted Groundwater; Some Causes, Effects, 
Controls, and Monitoring. EPA-600/4-73-001b, by GE-TEMPO for U.S. 
Environmental Protection Agency, Washington, D.C. 282 pp. 
Discusses groundwater quality and pollution by many types of potential 
sources, both direct and indirect. Suggests control methods and 
monitoring procedures for each situation. Many references. 
69. U.S. Environmental Protection Agency. 1977. Report to Congress -
Waste Disposal Practices and Their Effects on Ground Water. Office of 
Water Supply and Office of Solid Waste Management Programs, 
Washington, D.C. 531 pp. 
Discusses the potential for pollution of groundwater from wastewater 
impoundments, land disposal of wastes, septic tanks, land spreading of 
sludge, municipal wastewater treatment, brine disposal from oil 
exploration and development, mine wastes, injection wells, feedlots, 
spills and leaks, mine drainage, water wells, oil and gas wells, 
induced infiltration, agricultural activities, highway deicing salts, 
and atmospheric contaminants. Many references and case histories. 
70. D. E. Lindorff and K. Cartwright. May 1977. Groundwater Contamina-
tion Problems and Remedial Actions. Environmental Geology Notes #81. 
Illinois State Geological Survey, Champaign, Illinois. 58 pp. 
Includes case histories of 116 groundwater contamination incidents in 
the United States. Recommends emergency and administrative strategies 
to handle groundwater pollution events. 
71. T. E. Gass, J. H. Lehr, and H. W. Heiss, Jr. 1977. Impact of Aban-
doned Wells on Groundwater. EPA-600/3-77-095, U.S. Environmental 
Protection Agency. 53 pp. 
Gives case histories of contamination due to improperly sealed 
abandoned wells (water, oil, gas, brine, and disposal wells). 
Describes regulations (or lack of regulations) for each state. 
72. R. W. Johnson and D. C. Wilkin. 1980. Land-Use Contributions to 
In-Stream Constituent Loadings. Report of Investigation No. 31, 
Illinois Water Information Systems Group, DeKalb, Illinois. 19 pp. 
Addresses the effect of land use, especially agriculture, on nutrient 
loadings to the Sangamon River. Discusses the significance of various 
nutrient sources (related to land use), assimilation of nutrients in 
the stream, and in-stream transport processes. 
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73. A. N. Shahane. 1982. "Estimation of Pre- and Post-Development 
Nonpoint Hater Quality Loadings," Water Resources Bulletin, American 
Hater Resources Association, pp. 231-237. 
Describes a procedure for determining the impact of land use and 
development on the quality of surface waters as indicated by suspended 
solids, total nitrogen, total phosphorus, and biological oxygen 
demand. 
74. U.S. Environmental Protection Agency. 1976. The Impact of Intensive 
Application of Pesticides and Fertilizers on Underground Water 
Recharge Areas Which May Contribute to Drinking Water Supplies — A 
Preliminary Review. EPA-560/3-75-006, Office of Toxic Substances, 
Washington, D.C. 
Title self-explanatory. Addresses impact of pesticides, fertilizers, 
septic tanks, and feedlots; presents plans for developing further 
information. 
75. U.S. Department of Commerce, Census Bureau. State of Illinois,, Source 
of Water. 1970 Fourth Count (Housing) Summary Tape. (Data listed by 
county and township). 
Lists township name, population, number of housing units, density, 
number of units on public water systems, number of units on private 
water systems, and county totals for each category (1970 data). 
76. U.S. Department of Commerce, Census Bureau. State of Illinois, Type 
of Sewage Disposal. 1970 Fourth Count (Housing) Summary Tape. (Data 
listed by county and township). 
Lists political township names, population, number of housing units, 
density of housing units, number of units on public sewer systems, 
number of units on septic tanks or cesspools, and county totals for 
each category (1970 data). 
77. "Protecting Public Groundwater Supplies," Environmental Science and 
Technology, American Chemical Society, 1982, v." 16, n. 9, pp. 502A. 
Addresses the need for understanding contaminant sources, fate, and 
transport for groundwater pollution mitigation. Mentions pollution of 
Long Island groundwater by TCE used in septic tanks. 
78. Geraghty & Miller, Inc. Newsletter. Water Information Center, 
Syosset, New York, v. 4, n. 2, 1982, pp. 2 and 8. 
Calculation of contamination potential of one gallon of the degreaser 
trichloroethylene (TCE). Reports virus survival study results. 
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79. Virginia State Water Control Board. 1979. Best Management Practices 
Handbook; Sources Affecting Groundwater. Planning Bulletin 318. 
var. pag. 
Describes potential sources of groundwater pollution and pollution 
control measures. Contains glossary of terms (Chapter VIII) and 
typical hydraulic conductivity values for various geologic materials 
(p. III-99). Standardized specifications to control the use of 
highway deicing compounds (p. III-59). Suggests regulations for 
design and operation of road-salt storage facilities to minimize 
groundwater contamination (p. III-55). 
80. Illinois Department of Transportation. 1981. Illinois Highway Map 
1981-82. 
Shows highways, railroads, cities, county boundaries, major streams, 
and lakes (1:1,000,000). 
81. M. E. Scheidt. 1967. "Environmental Effects of Highways," Journal of 
the Sanitary Engineering Division Proceedings of the American Society 
of Civil Engineers, v. 93, n. SA5, pp. 17-25. 
Discusses groundwater pollution from road deicers, herbicides, acci-
dental spills, oils, greases, and heavy metals from vehicle exhaust 
(especially lead). Also discusses surface water pollution - bridge 
crossings. 
82. Salt Institute. 1974. Survey of Salt, Calcium Chloride and Abrasive 
Use in the United States and Canada for 1973-74. Alexandria, 
Virginia. 
Tabulates data for state highway departments, toll authorities, 
counties, and cities. 
83. R. H. Hawkins, ed. 1971. Proceedings; Street Salting - Urban Water 
Quality Workshop. State University College of Forestry at Syracuse 
University. New York. 
Comprised of 12 abstracts of examples and summaries of problems. 
P. 14 - outlines conclusions and possible recommendations from study 
done in New Jersey. In New Hampshire 200 wells were replaced prior to 
1965 due to road salt contamination. Other problems include: 
additives (chromates, cyanides, phosphates), corrosion, highway 
structure and pavement damage, soil damage, and water contamination 
due to road salt storage and spreading. 
84. R. Field, E. J. Struzeski, Jr., H. E. Masters, and A. N. Tafuri. 
1973. Water Pollution and Associated Effects From Street Salting. 
EPA-R2-73-257, U.S. EPA National Environmental Research Center, 
Cincinnati, Ohio. 48 pp. 
Has extensive bibliography. P. 31 - discussion of water supply 
contamination by road salt. 
108 
85. W. H. Walker and F. O. Wood. Unpublished. Road-Salt Use and the 
Environment. Illinois State Water Survey in Cooperation with the Salt 
Institute. 21 pp. 
Figure 2 - shows increase in chloride concentration in Illinois River 
correlated to deicing salt use. Gives recommendations for improved 
salt storage, handling & application. 
86. W. H. Walker. 1970. "Salt Piling — A Source of Water Supply 
Pollution," in Pollution Engineering, July/August, 1970, pp. 30-33. 
Describes contamination of wells in Peoria, Illinois - shallow 60 ft 
thick aquifer contaminated by road-salt storage facility (1950's and 
60's). 
87. S. A. Dunn. 1982. "Alternate Highway Deicing Chemicals," Public 
Works, August, 1982, pp. 53-55. 
Article describes the results of research into alternative deicing 
compounds. Two alternatives, methanol and a mixture of calcium 
acetate and magnesium acetate (CMA), compared favorably to sodium 
chloride because of their effectiveness and reduced damages associated 
with their use. CMA is economically feasible only if research shows 
that it can be produced from waste materials. 
88. J. G. Konrad, G. Chesters, and K. W. Bauer. 1979. The International 
Joint Commission Menomonee River Watershed Study. Chapter 7. 
Groundwater Hydrology. EPA-905/4-79-029-G. U.S. Environmental 
Protection Agency, Chicago, Illinois. 166 pp. 
Detailed study of the impact of groundwater flow on the water quality 
of a stream draining a relatively small urban watershed in Wisconsin. 
The effects of urbanization on groundater quality are discussed. 
Probable effects of changes in land use or management processes are 
predicted by a groundwater quality model. 
89. Illinois Environmental Protection Agency. Unpublished. Waste 
Facilities in the Central and Southern Regions of Illinois. Compiled 
1982 by M. Nienkerk. Var. pg. 
Computer printout in list form with location, operational and legal 
status, size, type of refuse, misc. data. Some information on annual 
amount of materials handled. 
90. U.S. Environmental Protection Agency. 1980. Notification to EPA of 
Hazardous Waste Activities - Region 5. Office of Waste and Water 
Management, Office of Solid Waste, November 26, 1980. var. pg. 
Lists generators, treaters, storers, disposers, and transporters of 
hazardous waste. Gives address and general type of waste for each 
notifier. Only lists those who reported their activitiy between 
May 19, 1980 and November 19, 1980. 
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91. Illinois Legislative Investigating Commission. 1981. Landfilling of 
Special and Hazardous Waste in Illinois — A Report to the General 
Assembly. Chicago, Illinois. 287 pp. + appendices. 
Excellent summary of the history and present status of "special" and 
"hazardous" waste landfilling in the state. Contains much data. 
Addresses the adequacy and efficiency of the legal systems for dealing 
with the problem. Presents case studies, glossary of terms, listing 
of sites, and recommendations. 
92. K. Cartwright and F. B. Sherman. 1969. Evaluating Sanitary Landfill 
Sites in Illinois. Environmental Geology Notes 27, Illinois State 
Geological Survey, Champaign, Illinois. 15 pp. 
General discussion of groundwater movement and natural attenuation of 
leachate. Map (1:1,500,000) showing three categories of general 
landfill feasibility with respect to geologic conditions - Figure 3B, 
page 10; criteria for map units are given on p. 12. 
93. W. H. Walker. 1972. Groundwater Contamination and Refuse Disposal. 
Illinois State Water Survey, Champaign, Illinois. For presentation at 
Illinois Pollution Control Board Hearing on Land Pollution and Refuse 
Disposal Regulations, Chicago, Illinois, October 26, 1972. 11 pp. 
Unpublished. 
Gives case histories of contamination of shallow drift and bedrock 
aquifers from garbage dumps in Geneseo and Aurora, respectively. 
94. R. Piskin, L. Kissinger, M. Ford, S. Colentiano, and J. Lesnak. 1980. 
Inventory and Assessment of Surface Impoundments in Illinois. IEPA 
Division of Land/Noise Pollution Control, Springfield, Illinois. 111 
pp. & 2 plates. 
Tabulates and discusses data. Groundwater pollution potential rating 
scheme (Ch. IV). Description of shallow aquifers with literature 
review (Ch. V). Groundwater pollution incidents in Illinois (Ch. VI). 
Discussion of state and federal regulations. Plates in separate 
envelope (1:500,000) cover entire state: Plate 1 - surface impound-
ments (municipal, industrial, agricultural, & mining); Plate 2 -
surface impoundments (oil & gas); Plate 3 - Groundwater pollution 
potential ratings (numerical rating for each impoundment - considers 
type of impoundment as well as hydrogeological conditions); Plate 4 -
shallow aquifers (simply shows presence or absence of sand or gravel 
zone >x ft. thick and <y ft. from surface). 
95. A. W. Wyss, H. K. Willard, R. M. Evans, R. J. Schmidt, R. G. Sherman, 
D.H. Bruehl, and E.M. Greco. 1980. Closure of Hazardous Waste 
Surface Impoundments. SW-873, U.S. Environmental Protection Agency, 
Cincinnati, Ohio. 92 pp. 
Discusses the characteristics of surface impoundments, environmental 
considerations for closure plans, and technical criteria for 
implementation of closure plans. 
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96. M. Weinberg, D. Reece, and D. Allman. 1980. Effect of Urban Storm-
water Runoff to a Man-made Lake on Groundwater Quality. Technical 
Publication #80-4, South Florida Water Management District. 
Results of study showed increases in TDS, COD, DO, chloride, and 
nitrogen in aquifer due to siting of an urban stormwater detention 
basin on permeable deposits in hydraulic connection with the aquifer. 
97. P. Glende. 1982. "Runoff Suspected in Fish Kill," The Champaign-
Urbana News-Gazette, July 20, 1982, p. A-3. 
Newspaper article describes the death of all aquatic life in several 
miles of Salt Creek (northeastern Piatt County), a tributary to the 
Sangamon River. Follow-up articles ascribed the incident to the 
failure of an agricultural runoff impoundment. 
98. R. E. Bergstrom. 1968. Feasibility of Subsurface Disposal of 
Industrial Wastes in Illinois. Circular 426, Illinois State 
Geological Survey, Champaign, Illinois. 18 pp. 
Discusses feasibility of waste injection in bedrock in Illinois. 
99. M. Ford, R. Piskin, M. Hagele, R. Storm, and J. Dickman. 1981. 
Inventory and Preliminary Assessment of Class I and II Injection Wells 
in Illinois. IEPA Division of Land/Noise Pollution Control, 
Springfield, Illinois. 111 pp. & 2 plates. 
Title is self-explanatory. Evaluates state and federal programs. 
Maps (1:750,000) include locations of brine, industrial waste and coal 
mine injection wells (Plate 1), and water injection wells for enhanced, 
recovery of oil (Plate 2). Based on information in State Geological 
Survey files. 
100. Illinois State Department of Mines and Minerals. 1979. 1979 Annual 
Oil and Gas Report. 79 pp. 
Published annually, these reports tabulate oil and gas data by county 
for the year. Tables include: permits for oil and water wells, salt 
and waste disposal wells, water supply wells, water injection wells, 
and wells completed and plugged. The ISGS has up-to-date maps showing 
locations of all wells (not by year) - see Ref. 49. 
101. J. Van Den Berg and J. R. Elyn. 1981. Petroleum Industry in 
Illinois, 1979. Illinois Petroleum and Gas Report 120/1981, Illinois 
State Geological Survey, Champaign, Illinois. 79 pp. 
Summarizes oil and natural gas developments and waterflood operations 
in 1979. (Similar publications exist for other years as Illinois 
Petroleum series). 
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102. Illinois State Geological Survey. 1981. Oil and Gas Development Maps 
68, 69, 70, 78, 79, 80, 81, 82, 85, 86, 87, 88, 89, 90, 95, 96, 97, 
104. Scale: 2" = 1 mile. 
Show oil and gas production wells, service wells, dry wells, brine 
injection wells, fresh water injection wells, abandoned wells, and 
test borings. 
103. Illinois State Geological Survey. 1976. Maps of Areas of Mined-Out 
Coal #10, 11, 14, 15, 18, 19. Scale: 1" = 1 mile. 
Maps show abandoned and active mine shafts, strip mines, and 
underground mine boundaries. 1" = 1 mile. 
104. M. E. Hopkins. 1975. Coal Mines in Illinois. Illinois State 
Geological Survey. 
State map shows name, type, and location of seam mined; annual 
production of operating coal mines; boundaries of strip and under-
ground mined-out areas; distribution of remaining reserves (approxi-
mately 1:500,000 or 1 inch = 8 miles). 
105. W. H. Smith, and J. B. Stall. 1975. Coal and Water Resources for 
Coal Conversion in Illinois. Cooperative Report 4, Illinois State 
Water Survey and Illinois State Geological Survey, Champaign, 
Illinois. 79 pp. 
Comprehensive discussion of the topic includes coal mining effects on 
groundwater. Figure 25 - map of water available for coal conversion 
(areas 12, 15, 16 are in basin). Plates 1 & 2 are maps of coal 
reserves (1:500,000). 
106. D. E. Lindorff, K. Cartwright, and B. L. Herzog. 1981. Hydrogeology 
of Spoil at Three Abandoned Surface Mines in Illinois: Preliminary 
Results. Environmental Geology Notes 98, Illinois State Geological 
Survey, Champaign, Illinois. 18 pp. 
Discusses degradation of groundwater quality from abandoned coal 
mines. None of the mines discussed are in the Sangamon Basin. 
107. National Research Council. 1981. Coal Mining and Ground-Water 
Resources in the United States. National Academy Press, Washington, 
D.C. 197 pp. 
An excellent summary of the effects of coal mining on groundwater 
quantity and quality. Discusses methods of addressing the potential 
impacts. 
108. Groundwater Newsletter, v. 11, n. 14, July 31, 1982, pp. 5 
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Appendix A. Monthly Discharge and Sampling Data for the Sangamon River at Mahomet 
and the South Fork Sangamon River Near Rochester (1966-76) 
Sangamon River at Mahomet (USGS No. 50571000) 
10/66 1 3.8 1.4 
11/66 2 4.9 0.9 
12/66 3 350.0 350.0 
01/67 4 68.0 68.0 
02/67 5 490.0 444.0 
03/67 6 480.0 185.0 
04/67 7 446.0 278.0 
05/67 8 1130.0 699.0 
06/67 9 73.6 73.6 
07/67 10 28.8 28.8 
08/67 11 15.5 9.7 
09/67 12 1.4 1.4 
10/67 13 9.8 7.0 
11/67 14 30.0 21.5 
12/67 15 1160.0 508.0 
01/68 16 300.0 157.0 
02/68 17 290.0 290.0 
03/68 18 78.5 78.5 
04/68 19 540.0 540.0 
05/68 20 95.2 95.2 
06/68 21 165.0 165.0 
07/68 22 71 .5 71 .5 
08/68 23 98.2 81.3 
09/68 24 14.5 7.7 
10/68 25 7.9 5.1 
2.4 459.0 340.0 102.0 34.0 0.8 1.0 
4.0 517.0 331.0 96.0 56.0 1.7 0.6 
0.0 413.0 336.0 76.0 15.0 0.6 42.8 
0.0 464.0 380.0 92.0 19.0 0.2 36.3 
46.0 399.0 325.0 74.0 13.0 1.3 47.7 
295.0 393.0 315.0 69.0 13.0 1.0 48.8 
168.0 366.0 269.0 69.0 15.0 23.0 41.5 
431.0 389.0 314.0 66.0 13.0 6.6 57.4 
0.0 424.0 346.0 77.0 15.0 1.3 32.6 
0.0 419.0 332.0 87.0 21.0 1.3 9.9 
5.8 419.0 303.0 84.0 25.0 1.8 2.8 
0.0 498.0 368.0 91.0 38.0 7.4 2.8 
2.8 536.0 338.0 112.0 73.0 7.6 1.7 
8.5 472.0 366.0 101.0 25.0 0.3 17.0 
652.0 209.0 160.0 40.0 8.0 18.0 25.4 
143.0 370.0 286.0 73.0 19.0 0.8 35.2 
0.0 399.0 314.0 75.0 13.0 1.2 40.0 
0.0 402.0 324.0 80.0 17.0 0.5 27.0 
0.0 357.0 296.0 67.0 13.0 2.2 45.6 
0.0 369.0 330.0 78.0 16.0 1.2 19.0 
0.0 410.0 332.0 73.0 15.0 1.5 53.2 
0.0 416.0 328.0 70.0 15.0 2.0 25.8 
16.9 321.0 284.0 58.0 14.0 3.5 17.3 
6.8 470.0 350.0 99.0 38.0 2.5 0.4 
2.8 434.0 364.0 100.0 34.0 3.8 0.5 
Appendix A (Continued) 
Sangamon River at Mahomet (DSGS No. 50571000) 
11/68 26 6.8 5.8 1.0 478.0 
12/68 27 41.4 41.4 0.0 431.0 
01/69 28 62.4 62.4 0.0 423.0 
02/69 29 180.0 170.0 10.0 422.0 
03/69 30 90.0 90.0 0.0 393.0 
04/69 31 950.0 747.0 203.0 371.0 
05/69 32 273.0 273.0 0.0 436.0 
06/69 33 131.0 109.0 22.0 389.0 
08/69 35 13.8 13.8 0.0 340.0 
09/69 36 5.9 5.9 0.0 496.0 
10/69 37 4.0 4.0 0.0 423.0 
11/69 38 118.0 118.0 0.0 439.0 
12/69 39 240.0 240.0 0.0 436.0 
01/70 40 59.4 47.4 12.0 468.0 
02/70 41 64.7 64.7 0.0 449.0 
03/70 42 107.0 100.0 7.0 420.0 
04/70 43 791.0 222.0 569.0 372.0 
05/70 44 400.0 400.0 0.0 418.0 
06/70 45 169.0 169.0 0.0 431.0 
07/70 46 53.0 45.0 8.0 402.0 
08/70 47 21.4 21.4 0.0 395.0 
09/70 48 8.1 8.1 0.0 470.0 
10/70 49 150.0 150.6 0.0 441.0 
11/70 50 276.0 276.0 0.0 456.0 
12/70 51 126.0 . 96.0 30.0 458.0 
368.0 113.0 40.0 0.2 0.4 
348.0 89.0 23.0 0.3 20.4 
360.0 87.0 23.0 0.3 28.0 
338.0 80.0 22.0 4.0 26.1 
304.0 73.0 21.0 4.6 27.0 
284.0 62.0 16.0 1.5 50.5 
348.0 89.0 19.0 0.5 43.8 
323.0 78.0 15.0 2.2 46.8 
272.0 57.0 21.0 2.4 6.2 
332.0 106.0 51.0 1.1 8.5 
317.0 84.0 45.0 1.3 0.5 
356.0 76.0 20.0 0.7 32.3 
361.0 76.0 20.0 0.3 42.5 
386.0 88.0 23.0 0.1 30.0 
352.0 79.0 28.0 0.2 32.0 
347.0 77.0 22.0 0.2 34.3 
302.0 68.0 18.0 1.7 55.5 
340.0 70.0 17.0 3.2 48.5 
348.0 71.0 19.0 2.3 43.0 
332.0 76.0 26.0 3.1 16.9 
340.0 76.0 18.0 3.6 6.3 
360.0 100.0 31.0 1.8 0.5 
368.0 67.0 16.0 6.5 30.8 
372.0 67.0 17.0 0.3 41.4 
376.0 73.0 18.0 0.3 32.1 
Appendix A (Continued) 
Sangamon River at Mahomet (OSGS No. 50571000) 
0.0 435.0 372.0 73.0 19.0 0.1 32.2 
2.2 568.0 456.0 95.0 56.0 0.1 28.1 
0.0 420.0 340.0 66.0 18.0 0.8 37.3 
0.0 440.0 356.0 72.0 20.0 0.8 30.0 
326.5 410.0 340.0 62.0 18.0 3.8 48.3 
0.0 410.0 338.0 73.0 25.0 2.4 15.1 
95.1 399.0 328.0 56.0 15.0 4.1 27.7 
0.0 410.0 346.0 69.0 9.0 0.7 19.2 
155.2 297 .0 232 .0 5 1 . 0 16 .0 6 .7 12 .6 
0 .0 4 4 4 . 0 3 7 2 . 0 7 5 . 1 20 .0 1.5 18 .3 
6 .9 432 .0 364 .0 75 .9 23 .0 0 . 9 6 . 8 
7 .1 406 .0 3 2 8 . 0 7 9 . 0 30 .0 1.8 1 1 . 7 
22 .0 423 .0 350 .0 6 5 . 2 2 0 . 0 1.1 4 8 . 0 
4 4 . 0 4 3 1 . 0 3 2 8 . 0 6 5 . 8 5 2 . 0 1.7 3 4 . 6 
0 .0 432 .0 342 .0 7 1 . 2 19 .0 1.3 4 6 . 4 
0 .0 409 .0 3 2 8 . 0 6 7 . 7 19 .0 1.1 4 9 . 3 
940 .0 238 .0 154 .0 3 7 . 2 10 .0 32 .0 2 9 . 0 
0 . 0 403 .0 340 .0 7 0 . 6 18 .0 2 .1 4 2 . 2 
0 .0 450 .0 346 .0 6 4 . 6 21 .0 2 .8 4 1 . 9 
0 . 0 441 .0 348 .0 8 2 . 5 23 .0 1.3 1 9 . 2 
0 .0 408 .0 330 .0 7 1 . 0 19 .0 1.9 2 0 . 0 
0 . 0 457 .0 376 .0 6 5 . 2 17 .0 1.7 3 6 . 3 
0 .0 413 .0 352 .0 6 4 . 0 16 .0 0 .7 38 .3 
186.0 435.0 356.0 61.1 17.0 3.1 43.3 
0.0 421.0 342.0 63.4 16.0 0.8 40.5 
70.0 400.0 322.0 60.7 16.0 1.9 43.9 
0 1 / 7 1 52 100 .0 100 .0 
0 2 / 7 1 53 2 3 . 2 21 .0 
0 3 / 7 1 54 210 .0 210 .0 
0 4 / 7 1 55 146 .0 146 .0 
0 5 / 7 1 56 4 2 6 . 0 99 .5 
0 6 / 7 1 57 4 1 . 8 4 1 . 8 
0 7 / 7 1 58 189 .0 93 .9 
0 8 / 7 1 59 4 9 . 5 49 .5 
0 9 / 7 1 60 170 .0 14 .8 
10 /71 61 4 8 . 7 48 .7 
11 /71 62 2 8 . 0 21.1 
12 /71 63 2 2 . 0 14 .9 
0 1 / 7 2 64 5 2 1 . 0 499 .0 
0 2 / 7 2 65 136 .0 9 2 . 0 
0 3 / 7 2 66 390 .0 390 .0 
0 4 / 7 2 67 5 2 6 . 0 5 2 6 . 0 
0 5 / 7 2 68 1190 .0 250 .0 
0 6 / 7 2 69 146 .0 146 .0 
0 7 / 7 2 70 8 9 . 6 8 9 . 6 
0 8 / 7 2 71 2 8 . 2 2 8 . 2 
0 9 / 7 2 72 3 2 . 5 32 .5 
10 /72 73 3 6 5 . 0 365 .0 
1 1 / 7 2 74 2 4 3 . 0 243 .0 
1 2 / 7 2 75 6 4 0 . 0 4 5 4 . 0 
0 1 / 7 3 76 5 1 9 . 0 . 519 .0 
0 2 / 7 3 77 5 1 5 . 0 4 4 8 . 0 
Appendix A (Continued) 
Sangamon River at Mahomet (DSGS No. 50571000) 
03/73 78 610.0 177.0 433.0 
04/73 79 818.0 476.0 342.0 
05/73 80 208.0 208.0 0.0 
06/73 81 981.0 390.0 591.0 
07/73 82 159.0 159.0 0.0 
08/73 83 82.0 76.0 6.0 
09/73 84 25.0 23.0 2.0 
10/73 85 30.0 24.0 6.0 
11/73 86 17.0 8.4 8.6 
12/73 87 70.0 28.0 42.0 
01/74 88 300.0 300.0 0.0 
02/74 89 286.0 250.0 36.0 
03/74 90 925.0 488.0 437.0 
04/74 91 333.0 333.0 0.0 
05/74 92 167.0 167.0 0.0 
06/74 93 452.0 452.0 0.0 
07/74 94 440.0 440.0 0.0 
08/74 95 31.0 31.0 0.0 
09/74 96 23.0 23.0 0.0 
10/74 97 10.0 7.4 2.6 
11/74 98 82.0 26.3 55.7 
12/74 99 51.0 51.0 0.0 
01/75 100 320.0 219.0 101.0 
02/75 101 576.0 576.0 0.0 
03/75 102 540.0 326.0 214.0 
05/75 104 147.0 147.0 0.0 
370.0 302.0 58.8 18.0 2.7 38.3 
382.0 308.0 56.4 15.0 4.2 43.6 
420.0 340.0 64.2 16.0 0.4 38.9 
344.0 290.0 51.0 13.0 4.8 39.1 
413.0 340.0 59.4 16.0 2.4 34.8 
411.0 314.0 56.6 19.0 1.6 21.0 
457.0 348.0 91.7 33.0 1.2 3.2 
429.0 290.0 82.1 43.0 1.9 2.4 
424.0 328.0 90.3 37.0 0.6 3.6 
428.0 360.0 72.2 24.0 0.5 24.8 
430.0 350.0 66.2 21.0 0.1 40.2 
403.0 324.0 64.2 18.0 0.4 41.3 
305.0 246.0 50.8 14.0 17.0 39.9 
390.0 312.0 61.9 18.0 1.2 43.6 
397.0 314.0 60.3 18.0 1.1 37.5 
311.0 240.0 45.3 12.0 16.0 43.0 
377.0 312.0 53.9 14.0 7.2 50.7 
388.0 316.0 74.5 24.0 0.7 9.9 
396.0 306.0 66.2 25.0 0.7 4.4 
456.0 340.0 85.4 39.0 0.4 1.4 
373.0 280.0 60.9 19.0 1.2 21.7 
407.0 318.0 65.6 24.0 0.2 23.3 
381.0 294.0 55.7 34.0 2.8 35.5 
364.0 302.0 55.5 17.0 0.7 49.0 
360.0 298.0 55.5 18.0 1.6 52.8 
388.0 318.0 61.3 21.0 1.5 39.1 
Appendix A (Continued) 
Sangamon River at Mahomet (USGS No. 50571000) 
06/75 105 70.0 70.0 0.0 
07/75 106 30.0 30.0 0.0 
08/75 107 195.0 23.2 171.8 
09/75 108 42.0 42.0 0.0 
10/75 109 40.0 40.0 0.0 
11/75 110 42.0 42.0 0.0 
12/75 111 493.0 459.0 34.0 
01/76 112 119.0 119.0 0.0 
02/76 113 71.0 71.0 0.0 
03/76 114 278.0 278.0 0.0 
04/76 115 146.0 146.0 0.0 
05/76 116 114.0 114.0 0.0 
06/76 117 73.0 73.0 0.0 
07/76 118 35.0 35.0 0.0 
08/76 119 3.6 3.6 0.0 
09/76 120 6.3 2.1 4.2 
408.0 326.0 63.8 23.0 3.1 37.3 
404.0 326.0 80.0 25.0 0.6 14.5 
221.0 164.0 29.2 10.0 5.0 12.1 
435.0 336.0 58.0 23.0 1.1 20.7 
441.0 346.0 72.6 30.0 0.7 16.5 
452.0 352.0 65.6 29.0 0.2 21.6 
420.0 348.0 57.2 19.0 1.3 44.2 
498.0 368.0 62.3 83.0 0.2 33.2 
452.0 358.0 63.8 27.0 0.2 30.4 
419.0 332.0 59.2 21.0 0.9 44.5 
402.0 326.0 61.3 24.0 1.2 35.0 
406.0 332.0 64.6 24.0 0.6 36.3 
431.0 332.0 72.4 24.0 2.2 27.3 
380.0 308.0 63.6 .. 19.0 2.7 12.7 
454.0 331.0 79.0 48.0 1.1 0.5 
463.0 302.0 79.8 59.0 2.9 0.5 
Appendix A (Continued) 
South Fork Sangamon River near Rochester (USGS No. 50576000) 
10/66 1 27.0 10.8 16.2 
11/66 2 150.0 44.5 105.5 
12/66 3 5260.0 1720.0 3540.0 
01/67 4 275.0 240.0 35.0 
02/67 5 815.0 815.0 0.0 
03/67 6 980.0 300.0 680.0 
04/67 7 280.0 280.0 0.0 
05/67 8 288.0 288.0 0.0 
06/67 9 895.0 895.0 0.0 
07/67 10 1380.0 756.0 624.0 
08/67 11 585.0 403.0 182.0 
09/67 12 28.5 28.5 0.0 
10/67 13 80.0 60.0 20.0 
11/67 14 776.0 776.0 0.0 
12/67 15 3270.0 315.0 2955.0 
01/68 16 323.0 323.0 0.0 
02/68 17 3180.0 3180.0 0.0 
03/68 18 720.0 382.0 338.0 
04/68 19 300.0 300.0 0.0 
05/68 20 456.0 165.0 291.0 
06/68 21 1690.0 1400.0 290.0 
07/68 22 251.0 179.0 72.0 
08/68 23 430.0 121.0 309.0 
09/68 24 26.0 12.4 13.6 
10/68 25 16.2 9.7 6.5 
324.0 204.0 69.0 33.0 0.8 2.5 
305.0 198.0 70.0 29.0 2.7 4.6 
190.0 117.0 38.0 13.0 6.0 12.8 
350.0 261.0 70.0 32.0 0.6 17.7 
331.0 215.0 59.0 24.0 1.5 21.0 
307.0 190.0 64.0 26.0 5.7 18.2 
361.0 256.0 69.0 27.0 1.2 17.5 
344.0 252.0 71.0 32.0 1.8 15.1 
331.0 234.0 63.0 23.0 3.2 22.9 
219.0 156.0 45.0 15.0 6.1 10.7 
265.0 168.0 47.0 21.0 4.3 10.9 
422.0 300.0 84.0 48.0 1.6 3.8 
348.0 207.0 61.0 45.0 1.7 5.2 
309.0 216.0 61.0 22.0 0.7 12.6 
225.0 148.0 53.0 19.0 4.4 11.5 
336.0 244.0 66.0 27.0 0.5 19.5 
238.0 154.0 43.0 14.0 3.8 17.4 
355.0 236.0 74.0 34.0 0.9 15.2 
338.0 246.0 67.0 26.0 1.8 13.2 
317.0 224.0 64.0 27.0 0.5 11.6 
202.0 144.0 37.0 12.0 8.5 17.7 
390.0 280.0 71.0 27.0 3.6 20.0 
205.0 154.0 40.0 15.0 3.8 8.3 
467.0 326.0 91.0 59.0 3.7 1.2 
459.0 296.0 92.0 62.0 1.4 0.5 
Appendix A (Continued) 
South Fork Sangamon River near Rochester (USGS No. 50576000) 
11/68 26 13.6 7.8 5.8 
12/68 27 195.0 177.0 '18.0 
01/69 28 94.5 94.5 0.0 
02/69 29 1900.0 1700.0 200.0 
03/69 30 630.0 391.0 239.0 
04/69 31 1430.0 473.0 957.0 
05/69 32 310.0 310.0 0.0 
06/69 33 100.0 100.0 0.0 
07/69 34 2010.0 1530.0 480.0 
08/69 35 103.0 28.6 74.4 
09/69 36 42.0 27.2 14.8 
10/69 37 10400.0 409.0 9991.0 
11/69 38 365.0 365.0 0.0 
12/69 39 338.0 338.0 0.0 
01/70 40 112.0 85.4 26.6 
02/70 41 346.0 263.0 83.0 
03/70 42 830.0 320.0 510.0 
04/70 43 635.0 635.0 0.0 
05/70 44 330.0 330.0 0.0 
06/70 45 1240.0 1240.0 0.0 
07/70 46 175.0 175.0 0.0 
08/70 47 88.5 36.8 51 .7 
09/70 48 300.0 45.9 254.1 
10/70 49 88.7 24.4 64.3 
11/70 50 64.4 64.4 0.0 
12/70 51 56.0 56.0 0.0 
465.0 300.0 109.0 69.0 1.4 2.3 
345.0 244.0 66.0 31.0 1.8 15.7 
417.0 310.0 83.0 36.0 0.5 18.0 
224.0 152.0 46.0 13.0 2.5 20.0 
323.0 224.0 70.0 31.0 1.0 21.2 
318.0 204.0 64.0 22.0 3.2 21.2 
355.0 268.0 70.0 27.0 1.5 21.8 
395.0 278.0 73.0 32.0 2.9 11.8 
223.0 142.0 41.0 10.0 3.2 13.2 
407.0 276.0 73.0 45.0 2.7 1.8 
357.0 248.0 93.0 39.0 2.6 2.7 
140.0 84.0 34.0 11.0 5.8 7.1 
338.0 252.0 68.0 30.0 1.0 17.2 
349.0 254.0 70.0 27.0 0.4 14.7 
433.0 319.0 89.0 38.0 0.7 15.5 
329.0 238.0 70.0 33.0 0.7 13.3 
371.0 257.0 88.0 34.0 1.6 13.0 
335.0 234.0 72.0 26.0 1.7 16.6 
356.0 258.0 73.0 27.0 2.2 22.2 
317.0 214.0 63.0 23.0 5.0 29.5 
355.0 264.0 63.0 28.0 2.0 22.0 
402.0 264.0 85.0 45.0 4.2 3.5 
137.0 80.0 22.0 10.0 19.0 4.5 
351.0 252.0 72.0 46.0 4.6 9.3 
406.0 292.0 77.0 48.0 1.0 10.2 
341.0 244.0 73.0 33.0 0.8 7.6 
Appendix A (Continued) 
South Fork Sangamon River near Rochester (USGS No. 50576000) 
01/71 52 62.5 62.5 0.0 
02/71 53 2280.0 82.7 2197.3 
03/71 54 1520.0 1060.0 460.0 
04/71 55 172.0 172.0 0.0 
05/71 56 12.4 12.4 0.0 
06/71 57 172.0 172.0 0.0 
07/71 58 2600.0 512.0 1088.0 
08/71 59 161.0 151.0 10.0 
09/71 60 16.7 14.5 2.2 
10/71 61 11.0 11.0 0.0 
11/71 62 19.0 19.0 0.0 
12/71 63 3.7 3.7 0.0 
01/72 64 509.0 509.0 0.0 
02/72 65 178.0 103.0 75.0 
04/72 67 395.0 288.0 107.0 
05/72 68 940.0 940.0 0.0 
06/72 69 191.0 170.0 21.0 
07/72 70 398.0 145.0 253.0 
08/72 71 160.0 160.0 0.0 
09/72 72 48.5 48.5 0.0 
10/72 73 233.0 233.0 0.0 
11/72 74 1650.0 1280.0 370.0 
12/72 75 995.0 545.0 450.0 
01/73 76 1370.0 1370.0 0.0 
02/73 77 1040.0 . 867.0 173.0 
418.0 300.0 78.0 40.0 0.7 10.1 
170.0 108.0 31.0 11.0 37.0 7.4 
248.0 184.0 54.0 22.0 7.0 19.1 
348.0 260.0 75.0 30.0 1.6 9.0 
390.0 296.0 78.0 41.0 1.5 5.3 
293.0 218.0 49.0 23.0 5.1 12.1 
123.0 80.0 23.0 7.0 4.7 3.4 
259.0 196.0 41.0 21.0 1.9 8.8 
448.0 304.0 83.0 52.0 2.0 0.5 
414.0 264.0 82.5 56.0 1.4 1.0 
368.0 264.0 74.1 40.0 0.5 0.5 
472.0 314.0 95.9 60.0 1.1 2.0 
334.0 244.0 73.6 27.0 1.1 24.2 
405.0 276.0 80.0 55.0 1.0 21.4 
392.0 264.0 83.9 40.0 0.9 21.6 
320.0 238.0 72.2 26.0 3.3 25.3 
307.0 208.0 64.6 25.0 5.4 18.7 
273.0 172.0 60.5 20.0 5.0 14.1 
242.0 150.0 45.7 18.0 2.6 7.1 
318.0 232.0 62.5 27.0 2.1 7.8 
366.0 274.0 77.1 26.0 1.5 14.0 
295.0 220.0 61.3 22.0 1.1 14.4 
349.0 240.0 71.0 28.0 1.0 21.0 
313.0 212.0 59.4 22.0 2.2 21.9 
337.0 218.0 64.2 25.0 1.1 24.6 
Appendix A (Continued) 
South Fork Sangamon River near Rochester (USGS No. 50576000) 
03/73 78 340.0 310.0 30.0 
04/73 79 3870.0 3110.0 760.0 
05/73 80 1340.0 1340.0 0.0 
06/73 81 700.0 263.0 437.0 
07/73 82 2500.0 2180.0 320.0 
08/73 83 770.0 701.0 69.0 
09/73 84 73.0 33.6 39.4 
10/73 85 124.0 124.0 0.0 
11/73 86 81.0 71.0 10.0 
12/73 87 1050.0 415.0 635.0 
01/74 88 479.0 479.0 0.0 
02/74 89 695.0 695.0 0.0 
03/74 90 2820.0 1510.0 1310.0 
04/74 91 2000.0 1480.0 520.0 
05/74 92 845.0 404.0 441.0 
06/74 93 6190.0 1010.0 5180.0 
07/74 94 260.0 260.0 0.0 
08/74 95 85.0 85.0 0.0 
09/74 96 87.0 75.3 11.7 
10/74 97 33.0 33.0 0.0 
11/74 98 445.0 130.0 315.0 
12/74 99 135.0 135.0 0.0 
01/75 100 2590.0 494.0 2096.0 
02/75 101 4290.0 1160.0 3130.0 
03/75 102 610.0 . 540.0 70.0 
04/75 103 2840.0 618.0 2222.0 
395.0 264.0 80.0 31.0 1.2 18.2 
239.0 158.0 49.0 17.0 2.6 18.1 
279.0 194.0 46.1 17.0 3.4 21.0 
270.0 192.0 56.4 22.0 9.5 19.1 
205.0 138.0 32.9 11.0 7.0 17.0 
213.0 148.0 34.8 12.0 3.2 7.5 
451.0 348.0 130.6 17.0 1.5 5.6 
323.0 208.0 60.9 23.0 2.0 11.4 
368.0 248.0 75.9 33.0 1.3 9.2 
294.0 208.0 60.5 23.0 2.5 11.7 
364.0 252.0 73.4 27.0 0.7 19.9 
322.0 236.0 66.0 25.0 1.5 10.0 
238.0 148.0 46.1 16.0 7.6 18.4 
226.0 152.0 49.4 15.0 8.6 12.9 
259.0 178.0 51.2 17.0 9.9 21.1 
183.0 110.0 35.2 11.0 9.5 17.6 
361.0 254.0 62.9 22.0 2.6 24.8 
339.0 242.0 67.5 23.0 2.7 11.3 
291.0 210.0 68.1 23.0 3.3 7.5 
413.0 290.0 105.5 43.0 1.0 4.8 
294.0 220.0 58.4 22.0 1.7 11.9 
393.0 282.0 78.4 32.0 1.3 14.2 
220.0 154.0 51.4 17.0 11.0 15.2 
237.0 174.0 50.0 17.0 4.0 22.0 
305.0 226.0. 70.6 24.0 3.2 20.8 
259.0 178.0 52.2 18.0 3.2 25.3 
Appendix A (Continued) 
South Fork Sangamon River near Rochester (USGS No. 50576000) 
05/75 104 410.0 410.0 0.0 
07/75 106 79.0 79.0 0.0 
08/75 107 367.0 37.1 329.9 
09/75 108 29.0 29.0 0.0 
10/75 109 69.0 50.9 18.1 
11/75 110 55.0 55.0 0.0 
12/75 111 162.0 131.0 31.0 
01/76 112 210.0 210.0 0.0 
02/76 113 188.0 133.0 55.0 
03/76 114 445.0 390.0 55.0 
04/76 115 220.0 220.0 0.0 
05/76 116 80.0 80.0 0.0 
06/76. 117 55.0 55.0 0.0 
07/76 118 26.5 26.5 0.0 
08/76 119 12.8 9.3 3.5 
09/76 120 1.6 1.6 0.0 
252.0 196.0 56.6 21.0 6.5 21.9 
302.0 208.0 65.2 20.0 1.6 5.5 
293.0 176.0 52.8 24.0 4.6 4.5 
294.0 180.0 60.9 24.0 2.4 4.3 
447.0 354.0 58.0 21.0 0.9 16.0 
440.0 308.0 78.2 41.0 1.1 4.3 
287.0 220.0 51.6 26.0 1.9 15.5 
370.0 274.0 70.8 36.0 4.2 15.6 
401.0 272.0 80.6 43.0 2.4 11.1 
350.0 236.0 72.0 29.0 5.4 14.9 
389.0 268.0 79.0 34.0 2.1 18.1 
426.0 294.0 87.0 45.0 2.4 22.7 
442.0 290.0 92.6 53.0 2.9 3.9 
452.0 302.0 94.0 49.0 1.6 0.4 
323.0 226.0 49.6 32.0 2.1 1.1 
420.0 268.0 91.9 43.0 0.6 0.3 
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